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(From the Harrison. Department of Surgical Research, Schools of Medicine, University 
of Pennsylvania and the Medical Clinic, Hospital of the University of Pennsylvania) 

The effect of penicillin in 71 cases of acute coccal meningitis lias 
been studied and an evaluation attempted both in terms of gross mor- 
tality figures and in terms of clinical response in patients seen at 
^ various stages of the disease. Certain observations have been possible 
with regard to dosage, schedules, routes of administration and the 
concomitant use of sulfonamides. 

Acute bacterial meningitides, produced by organisms other than 
the meningococcus, are always sporadic and usually occur secondarily 
to infection elsewhere in the body or following direct traumatic con- 
tamination, While sulfonamide tiierapy has been unusually successful 
in meningococcal meningitis and moderately so in streptococcal men- 
ingitis, it has been of limited value in the pneumococcal and staphylo- 
coccal varieties. Today, the reported death rates in meningococcal 
meningitis are often less than 5% and rarely exceed 10%.^ The 
effectiveness of the sulfonamides in acute streptococcal infections and 
especially those in the rigid, pneumatic chambers of the head such as 

* The work described in this report was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research and Develop- 
ment and the Unii'ersity of Pennsylvania. 

t Drs. White and Murphy are now serving with the armed services. Dr. Lockwood is 
now Associate Professor of Surgery, Yale University Medical School. 
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raastoiditis and sinusitis has resulted in a marked reduction in the 
incidence of streptococcal meningitis. Not only has the early use of 
sulfonamides in these localized infections prevented hazardous com- 
plications, but they have been effective in reducing the mortality in 
established streptococcal meningitis from more than 90% to less than 
35 %.* 

With this decline in the incidence of streptococcal meningitis, the 
pneumococcal infection has become the greatest problem, from the 
standpoint of frequency, mortality, and relative resistance to sulfon- 
amide treatment. Before the use of cliemotherapy, only an occasional 
patient recovered from pneumococcal meningitis. Sulfonamide ther- 
apy has resulted in widely diverse experiences in these infections, 
probably because of the limited number of cases and their tremendous 
variation in severity and extent of involvement. Today, the overall 
mortality in this disease is probably in the neighborhood of 80%.® 

Many reports in wliich sulfonamide therapy was used show a much 
lower death rate; however, the numerous isolated unreported fatal 
cases must be taken into consideration. This is supported by the 
report of Dowling ct al? who surveyed the results in Washington, D. C., 
from January 1, 193S, to December 31, 1941, and found that only 
4 of 72 cases survived. All 72 of these patients received sulfonamide 
therapy and many were given specific serum in addition. 

Staphylococcal meningitis is considerably more uncommon than 
any of the other meningitides caused by cocci. In spite of chemo- 
therapjq the death rate in this disease has remained high, although 
occasional recoveries have been reported. 

In view of the powerful action of penicillin against coccal infections, 
it was hoped that the results in meningitis caused by these organisms 
could be significantly improved. This report comprises the results 
obtained in 71 patients with acute meningitis who were treated with 
penicillin. These cases were distributed as follows:' 50 pneumococcal, 
12 meningococcal, 5 streptococcal, and 4 staphylococcal meningitis. 
We have attempted to evaluate the effectiveness of penicillin without 
the addition of other forms of therapy, although with few exceptions 
these patients had received sulfonamides prior to the use of penicillin 
and in 10 cases a combination of penicillin and sulfonamides was used. 

This study was made possible bj"^ the cooperation of a large number 
of physicians in 18 hospitals in the Philadelphia area. Approximately 
60% of the cases were treated in teaching institutions. The authors 
controlled the dosage in all cases and the routes and intervals of 
administration in most of them. We attempted to see the patients 
frequently or follow their course through communication with their 
attending physicians. The general managernent and supportive care 
was left to the discretion of the physician in attendance. We feel 
that this type of experience enliances the value of the results obtained, 
since it offers an indication as to what may be expected in purulent 
meningitis with the more general use of the drug; however, limitations 
of supply and the lack of prolonged experience with the drug probably 
altered the final outcome in many of the 71 cases. 
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Pneumococcic Meningitis. In this series of 50 cases of pneumococcic 
meningitis treated with penicillin, the mortality was 64%. In com- 
parison with more recent reports on sulfonamide therapy, this does 
not suggest that any very significant advance has been made. Rhoads 
et alP reported 22 patients treated ivith sulfapjHidine and specific 
serum with a mortality of 68%. Neal and her associates® presented 
30 cases with 67% mortality. More recently Hodes, Smith and Ickes® 
reported 60 cases with a final mortality of only 58.3%. Waring and 
Smith*® published a series of 12 cases treated with combined penicillin 
and sulfonamide therapy with only 1 death. The higher mortality in 
our series may have been significantly influenced by the large propor- 
tion of aged patients, several of whom died of secondary non-inf ectious 
complications, and the inadequacy of therapy in many of the first 
cases treated, both in respect to total daily dosage and the duration 
of treatment. Of the patients in this series, 7 were given combined 
penicillin and sulfonamide therapy, 4 of whom died, giving approxi- 
mately the same ratio of fatalities as in the entire group. 

One of the most striking features of pneumococcal meningitis is the 
diversity in form of its clinical course. This is particularly obvious 
when these cases are compared with the more uniform meningococcal 
meningitis. In our experience the most important variables which 
influence survival, other than those pertaining to specific therapy, are 
age and the source of infection. The patients in this series varied 
from 1 month to 72 years of age; 21 were less than 16 years of age, 
12 of whom (57.1 %) died. Further breakdown of these 21 cases does 
not reveal any significant difference between infants and older children. 
Of 12 patients, 31 to 50 years of age, only 5 (42%) succumbed to the 
disease. Of 17 patients over 50 years of age, only 2 recovered (Table 1) . 


Table 1. — Pneumococcic Meningitis (Significance of Age) 


Age group 

(yrs.) Recovered Died 

Less than 2 5 7 

2-5 2 1 

6-15 2 4 

16-30 0 0 

31-50 7 5 

51 and over 2 15 


Pneumococcal meningitis in 29 cases occurred secondarily to uncon- 
trolled infection in the air-containing spaces of the head. In 23 in- 
stances the primary focus was found in the middle ear or mastoid, 
and in 6 in the paranasal sinuses. Of the patients, 9 developed 
meningitis subsequent to pneumonia, in only 5 of whom were the 
blood cultures positive. The primary focus was not determined in 12. 
The mortality in the 29 cases having foci in the head was 71.4% and 
55.5% in the 9 cases occurring secondarily to pneumonia. In those 
with undetermined foci, 6 (50%) died. Many of these foci were not 
determined until necropsy was performed. The higher death rate in 
those having subcranial foci indicates the inadequacy of penicillin 
alone in effectively controlling these infections (Table 2). 
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Table 2.— Pneusiococcic Meningitis (Possible Pbisiaby Foci or Infection) 


Ears and mnstoida 

Recovered 
. . . . 7 

Died 

1C 

Total 

23 

Paranasal sinuses . 

. . . . 1 

5 

C 

Pneumonia 

. . . . 4 

5 

9 

Undetermined 

. . . . G 

6 

12 

Total . .Ui. . , 

. ... 18 

32 

50 
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Chart 1. — Pneumococcal moningitis treated ■witli systemic and intracisternal pen- 
icillin therapy. Radical mastoidectomy was performed wliich resulted in prompt 
improvement. 


On several occasions it was noted that patients improved primarily 
with penicillin therapy and then entered a prolonged period of low 
grade sustained infection or repeated reinfeetion. In 5 patients the 
spinal fluid became clear and the temperature reached normal after 
3 or 4 days of treatment, but then cloudy fluid and fever reappeared 
after a few days. Of the 5 patients, 2 ultimately recovered, while 
in 2 of the 3 fatal cases there Avas eomplete recrudescence of the disease 
in all of its original severity, even though the administration of sys- 
temic and intrathecal penicillin had been uninterrupted. All of these 
relapses appeared to be due to uncontrolled foci in the mastoid, 
the more recently treated patients with primary mastoid foci, 4 were 
subjected to radical mastoidectomy. Three of the 4 showed prompt 
improvement after operation and recovered (Chart !)• 

Satisfactory pneumococcus tj^iing was obtained in 46 of the 50 cases. 
Type III occurred with the greatest frequency and was recovered 




PENICILLIN IN THE TEEATjMENT OE COCCAL MENINGITIS 5 

from 7 of the meningitic infections, 4 of which resulted from otitic foci. 
This agrees with the findings of other investigators.^’® Types III, W 
and V produced approximately one-third of the infections, while 
Types I through VIII were the responsible organisms in 26 of the 
46 pneumococcus typed cases. The primary infection in 17 of the 
26 was otitis media or mastoiditis. Meningitis secondary to pneumo- 
coccal pneumonia and sinusitis appeared to be more random in regard 
to specific types. There was no essential difference in mortality 
between the infections produced by the lower types and the higher 
types of pneumococci. 

Blood cultures were done in 41 of the 50 cases, 23 of whom demon- 
strated bacteremias while 18 did not. The mortality was somewhat 
greater with bacteremia. Three bacteremic cases displayed acute 
vegetative endocarditis at autopsy. This complication was suspected 
in another fatal case upon whom necropsy was not performed (Table 3). 

Table 3. — Pneltmococcic Meningitis (Significance of Bacteremia) 



Recovered 

Died 

Total 

With bacteremia . 

. . 8 

15 

23 

Without bacteremia . 

. . 8 

10 

18 

No blood culture . 

. . 2 

7 

9 

Total 

. . 18 

32 

50 


The systemic dosage of penicillin varied widely. During the early 
part of this study supplies of the drug were usually limited and occa- 
sionally treatment had to be discontinued because of exliaustion of 
supply. The later patients in the series were given 100,000 units per 
day to adults, adjusting the route of administration, intramuscular or 
continuous intravenous, to the acuteness and severity of the individual 
case. (There is a trend toward giving larger doses of penicillin in 
severe infections, now justified by the increasing availability of the 
drug, and in view of our relatively unsatisfactory results with the 
dosage we have employed, it would appear to be wise to give atileast 

200.000 units per day during the acute phase of the disease.) The 
smallest daily dose used in any of these cases was 25,000 units in 
infants, and 50,000 units in adults. The largest dose given was 

180.000 units each day to an adult whose infection was extremely 
acute and severe. Among patients who recovered, the average total 
dosage was 1,400,000 units and the average duration of treatment 
was 15.5 days. 

Nineteen patients received intramuscular therapy in equally divided 
doses every 2 or 3 hours, 12 of whom recovered with a resultant mortal- 
ity of 37 %. The remaining 31 cases receded intravenous therapy, either 
t^oughout their course of treatment or until they improved suffi- 
ciently to justify a change in administration. Twenty-five (80.6%) 
of these patients died. These figures do not assign any significance to 
Bie route of administration since the more acutely ill patients received 
intravenous therapy. 

Intrathecal Therapy. The work of Rammelkamp and Keefer” with 
normal subjects indicated that intravenously administered penicillin 
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did not readily cross the blood-brain barrier and that intrathecal 
uierapy was necessary for the successful treatment of meningitis. 
Rosenberg and Sylvester^ recently reported the recovery of effective 
concentrations of the drug in the spinal fluid of patients with men- 
ingitis following systemic administration of 20,000 to 40,000 units. 
Pilcher and Meacham,® studying the effect of penicillin on experi- 
mental staphylococcal brain lesions in dogs, found that the survival 
rate with intravenous penicillin ivas essentially the same as in the 
control cases, while intrathecal therapy resulted in a reduction in 
mortality from 93% in control animals to 54% in the experimental 
animals. All but 7 of tlie 50 cases in our series received intrathecal 
therapy. Three of the 7 recovered and 4 died. In 2 of the 3 recover- 
ies response to systemic therapy was prompt, but the 3rd case became 
spastic and improved very slowly. Of the 4 who died, 2 were under 
treatment less than 24 hours and 2 demonstrated tremendously 
increased spinal fluid pressure. It would not be wise to rely upon 
local therapy alone in pneumococcal meningitis, since the primary 
foci of infection are seldom, if ever, in adequate contact with the 
spinal fluid. Pilcher and Meacham,'® working with experimental 
pneumococcal meningitis in dogs, not only demonstrated the advan- 
tages of intrathecal therapy, but also showed that local therapy alone 
was not adequate. 

The intrathecal administration of penicillin can be carried out by 
injecting the material intraspinally, intracisternally, and intraventricu- 
larly. The latter may be accomplished through the open anterior 
fontanelle of infants, while the use of this route in older children and 
adults, of course, necessitates making burr holes in the skull. Two 
infants, one 4 weeks of age and the other 4 months old, received intra- 
ventricular penicillin through the anterior fontanelle. The older 
patient recovered, the other died within 48 hours without evidence of 
trauma or reaction to the procedure. Intracisternal penicillin therapy 
was given to 15 patients without ill-effects, except in 2 instances in 
which the fluid was slightly bloody at the next tap. Both of these 
patients recovered from their meningitis, although 1 died subsequently 
from other causes. In this group of cases it is impossible to compare 
adequately the results obtained with intracisternal or intraventricular 
therapy and intraspinal therapy, since the routes of administration 
were frequently combined, or altered as tlie patient’s condition changed. 
However, the mortality in 28 who received local therapy by the lumbar 
route alone was 75%, while in the group of 15 cases who received 
some penicillin at a higher site of injection it was only 46.7 %. "This 
appears to suggest superiority of the intracisternal and intraventricu- 
lar administration over the intraspinal route. Rammelkamp and 
Keefer^^ reported that the drug was detectable in the spinal fluid 
within the skull after intraspinal administration, but in many patients 
with purulent meningitis there may be a partial mechanical block 
from plastic exudate. Four patients who had failed to improve with 
intraspinal therapy responded promptly to intracisternal administra- 
tion. All 4 recovered. 
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We have increased the range of intrathecal dosage since we treated 
the 1st case by this technic H years ago. Of the 43 cases who were 
given this type of therapy, 21 received 10,000 units per day and one- 
third of them recovered. Of 14 who received smaller doses, 10 (71.4%) 
died. The administration of 15,000 to 20,000 units intrathecally each 
day to 8 patients resulted in a mortality of 50%. The drug was 
usually given intrathecally only once a day. Three acutely ill patients 
were injected twice daily, ill 3 died. The smallest volume used 
for intrathecal injection was 3 cc. in infants and the largest 20 cc. in 
adults. The usual volume was 10 cc. per injection. Both physio- 
logic salt solution and spinal fluid were used as diluents. 

The only signiflcant reaction observed as a consequence of the intra- 
thecal use of penicillin is occasional pleocytosis of the spinal fluid. 
This reaction is becoming more infrequent as the processes of manu- 
facture permit the production of a more refined penicillin. Four 
patients in this series developed pleocytosis and all of them died while 
the fluid was still cloudy; however, there was no evidence of blockage 
or increased intracranial pressure. 

Adeqtiacy of Therapy. If one considers only those cases who received 
at least 100,000 units in the first 24 hours, supplemented with 10,000 
units intrathecally and did not die of other causes, it appears that the 
26 cases so qualified showed a mortality of 42.3%. 

In our results there is no significant correlation between the onset of 
the disease and the date when penicillin treatment was instituted. 
Twenty cases treated within the first 44 hours of the disease showed a 
mortality of 70%, while 18 treated after 6 or more days showed essen- 
tially the same death ratio. Those treated between the 3rd and 
5th day of the disease showed recovery of 7 out of 12 cases. This 
difference probably is not significant because of the small series; 
however, the results may have been influenced by the highly lethal 
fulminating cases on the one hand, and the more established lesions in 
those with older infections on the other. 

All but 3 patients in this series had received sulfonamide therapy 
prior to the administration of penicillin. Sulfonamide treatment was 
usually discontinued when penicillin was started, although in 7 cases 
a combination of penicillin and sulfonamide therapy was administered 
when the former drug alone appeared inadequate. Three of these 
recovered. Specific antipneumococcic serum was used in conjunction 
with sulfonamide therapy and penicillin in 3 of the 47 cases, and only 
1 recovered. 

Reactions. The administration of penicillin did not appear to be 
harmful in 45 of the patients. As mentioned above, pleocytosis 
occurred in 4 individuals, while 1 patient developed a generalized 
mticaria. All 5 of these patients died. Whether or not these reac- 
tions played any significant part in contributing to death could not be 
determined. In a 9-months-old infant who displayed a pneumococcus 
Type XW meningitis which arose from bilateral mastoiditis, the 
course of systemic and intrathecal therapy was prolonged and given 
in adequate concentrations by suitable techniques. This child showed 



O WHITE, MUHPHY, LOCKWOOD, FLIPPIN: 

Jin oscillating response, for at times lie seemed to improve, only to 
sliow cloudy fluid again after a few days. Every eff ort ivas made to 
control this infection over a period of 32 days, including the addition 
of sulfonamide therapy and the administration of specific sera intra- 
venously and intrathecaliy. Penicillin was administered twice daily 
intraspinally for S days. While there was never any evidence of 
penicillin reaction, about a week before death B, coli appeared in the 
spinal fluid. In spite of renewed efforts, the patient died and at 
autopsy the pneumococcus Type XIV and B. coli were cultured from 
the meninges. It was at necropsy that the bilateral mastoiditis was 
finally established. While this case does not illustrate a drug reaction, 
in fact, the child seemed to improve on penicillin, it does adequately 
emphasize the possibilities of contamination and the need for strictest 
asepsis in subarachnoid punctures. 

Two patients, 1 of whom recovered, showed eiddence of marked 
crystalluria, hematuria, and possible ureteral blockage from sulfon- 
amide administration prior to the use of penicillin. Another patient 
receiving combined therapy developed a skin rash and a bilateral con- 
junctivitis, both of which quickly disappeared after the sulfonamide 
was discontinued. Penicillin was not stopped until the patient had 
recovered. 

The development of localized or generalized spasticity and psychosis 
was a common occurrence in this series of cases. Four children 
became spastic, 3 of whom survived. In all 3 the spasticity improved 
slowly after the infection was controlled. One of these patients who 
recovered did not recei\'e any intrathecal therapy. There were 
4 patients who showed mental disturbances, only 1 of whom recovered 
from the infection. This patient was transferred to a mental institu- 
tion soon after penicillin was discontinued where she remained for 
31 months before she died. 

Deaths. Of the 32 deaths in this series, 12 occurred in the first 
48 hours after penicillin treatment was started. The remaining 
20 cases, after 2 days of therapy, showed varying degrees of response 
prior to death. Some of them improved only slightly, while others 
were apparently cured of meningeal infection and succumbed to other 
complications. 

Necropsies Avere performed on 20 of the 32 fatal cases. The cause 
of death in 10 of the 20 Avas thought to be an overwhelming men- 
ingitis. The extent of invoh^ement in these cases Amried from a 
localized basilar meningitis to panmeningeal invoh^ement. In 4 cases 
secondary brain abscesses were thought to be the principal cause of 
death. Positive blood cultures liad been obtained in only 1 of the 4. 
The rupture of a lung abscess resulted in death of a 7-year-old boy, 
in whom the meningitis Avas improving on penicillin therapy. Another 
patient, a 66-year-old woman, died with a lung abscess and consider- 
able cerebral deterioration several weeks after meningitis had been 
controlled. Tlrree cases were found to haye_ acute vegetative pneumo- 
coccal endocarditis at autopsy. The remaining patient had apparently 
recovered from his meningitis and was being treated for a concomitant 
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putrid empyema which ruptured into the bronchus and resulted in 
suffocation. 

Meningococcal Meningitis. Meads, Harris, Samper and Finland^ 
recently reported 9 cases of meningococcal meningitis treated with 
intrathecal and systemic penicillin. They studied these patients ex- 
haustively and concluded that the response to penicillin in meningo- 
coccal meningitis is somewhat slower than to the sulfonamides. They 
also found that several strains of meningococci recovered from these 
patients were relatively resistant to penicillin. Rosenberg and Arling^^ 
reported 71 cases treated with penicillin with only 1 fatality; however, 
it is not known whether sulfonamides were incorporated in the treat- 
ment or not. 

Our results in 12 cases, in which there were 6 deaths, are not indica- 
tive of the effectiveness of penicillin, but serve to illustrate the limita- 
tions of this drug in controlling the more severe and resistant meningo- 
coccal infections (Table 4). Seven of the 12 patients were given 
penicillin after adequate sulfonamide' therapy had failed. In 2 of 
the 7 there was no bacteriologic evidence of infection when penicillin 
was started. Fom- of these 7 patients died. 


Table 4. — Meningococcal Meningitis 

Daily penicillin dosage 


No. 

Age 

Sex 

Bacteremia 

Systemic 

Local 

Results 

1 

.... 27 

M 

No 

100,000 

None 

Reo. 

2 

.... 25 

F 

Yes 

100,000 

None 

Reo. 

3 

.... 63 

M 

No 

100,000 

10,000 

Died 

4 

.... 5 

M 

(No cult.) 

50,000 

None 

Rec. 

5 

.... 31 

F 

Yes 

100,000 

None 

Died* 

6 

.... 37 

M 

No 

100,000 

None 

Rec. 

7 

. . . . 2 

F 

Yes 

50,000 

None 

Died 

8 

. . . . 21 

M 

No 

100,000 

None 

Died 

9 

. . . . 2 

M 

No 

100,000 

16,800 

Died 

10 

. . . . 15 

F 

Yes 

100,000 

10,000 

Rec.* 

11 

. . . 1 

F 

' Yes 

100,000 

62,000 

Rec. 

12 

. . . . 47 

F 

No 

100,000 

10,000 

Died 


* Waterhouse-Friderichsen syndrome. 


The remaining 5 cases included 2 who had received less than 8 hours 
of sulfonamide therapy and 3 who were given penicillin as the primary 
and only form of therapy. Two of the 5 patients were in extremis 
and died within 24 hours after penicillin was started. One of them 
had been given 2 doses of sulfadiazine. 

Penicillin and sulfonamides were combined in 2 patients, both of 
whom recovered. 

The systemic dosage used was 100,000 units daily except for 2 chil- 
dren, both of whom received 50,000 units each day. The drug was 
given by continuous intravenous drip during the acute phase in 
9 cases and by intramuscular injection in 3, all children. Among 
those who recovered, the average total dose was 750,000 units during 
an average of 6.5 days of treatment. 

The 2 fatal cases who were in extremis when penicillin was started 
had an inadequate period of therapy in respect to duration and total 
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dosage. The 4 remaining cases which terminated fatally received 
ample therapy. 

Only 5 of the 12 patiente were given intrathecal therapy. Three of 
^ intraspinal route was used in 3; the intracisternal 

, method in 2. The daily intrathecal dosage in 3 patients was 10,000 
units, 16,800 units in another, and the remaining patient received 
20,000, 41,000, 63,000 and 50,000 units at various times. There was 
no evidence of reaction to intrathecal administration in any of the 5. 


fCo«-e \\ • o^t U 

r.tn\n^\Ui 

TEMP 



CkaHT 2.— Hifflilj’ resistant incningococcnl meningitis tre.nted with massive intra- 
cislcrnal penicillin tlicrapy (ns high as C2.000 units daily) resulting in prompt response. 


Case Abstract. The patient who received the massive intracisternal ther- 
apy (Chart 2) was a 15-month'old Avhite female. She was admitted to the 
hospital on May 22, 1944, mth acute meningococcemia and menmgitis. 
Sulfonamide therapy was given in large doses until June 3, 1944, without 
significan% altering the course of the disease. The bacteria remained present 
both in the spinal fluid and blood. Sulfonamide was discontinued on June 3, 
1944, and a course of penicillin therapy begun. She received 50,000 units 
daily by intramuscular injection without appreciable effect. _ On June 6, 1944, 
the systemic dosage was increased to 100,000 unite daily. In addition, 

20.000 units were given intracisternally and sulfadiazine was again added to 
the treatment. By June 10, 1944, there was still no therapeutic r^ponse and 
penicillin was discontinued. A combination of massive sulfonamide therapy 
and intermittent specific serum injections were continued until June 21, 1944. 
All forms of therapy were then stopped for 54 hours, during^ which time the 
temperature rose slightl}'’ and the child became much more toxic. On June 23, 
1944, the blood culture was sterile, but the spinal fluid still contained viable 
meningococci. On this date systemic penicillin therapy of approximately 

100.000 unite each day was started again. Sulfonamides were not given. 
Along with the systemic penicillin, the following doses were given intracistern- 
ally: June 23, 41,000 units; June 24, 62,000 units; June 25, 62,000 units; 
June 26, 62,000 units; and 50,000 unite June 27, 28 and 29. With this massive 
therapy the child began to improve promptly, the spmal fluid became sterile 
and began to clear and by June 28 the temperature approached the normal 
range and did not exceed 99.6° F. thereafter. She was discharged from the 
hospital July 11, 1944, completely cured. 

Seven patients received no intratliecal therapy, 3 of whom were 
given no sulfonamide medication. There were 3 deatlis among the 
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7 cases, 1 occurringpin a patient who received only penicillin. The 
recovery of 4 patients with systemic therapy alone, all of whom had 
positive spinal fluid cultures when penicillin was started, suggested 
that systemically administered penicillin does cross the blood-brain 
barrier in sufficient concentration to be effective in some cases. 

Among the 6 patients who recovered, 3 responded promptly in a 
manner similar to the usual sulfonamide effect (Chart 3) . The remain- 
ing 3 showed varying degrees of delay in response. All 3 had received 
sulfonamide therapy previously and it was combined with penicillin 
in 2 of the 3 cases. This experience does not indicate any significant 
lag in response to penicillin as compared with the sulfonamides. 


iCftse 6-a.^e37 
[Mcnm^ococcal 


TEMP 



BLOOD CULTURE— 

- No growth 


SPINAL FLUID 

4- _ 


CULTURE 



W.B.C. _ 

X ^.000 1 

■20 15 12-2 

9-6 


Tl7ousand3 


100 

PENICILLTW 
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(NO OTHtP. SPtCIFIC DPVGS USFD) 
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Chart 3. — Meningococcal meningitis showing prompt response to systemic penicillin 

therapy alone. 


Two of the 12 patients demonstrated findings suggestive of a Water- 
house-Friderichsen syndrome. One patient who died 12 hours after 
the onset of the disease was found to have a hemorrhagic right adrenal 
at necropsy. She had meningococcemia as well as meningitis. The 
other patient, a girl of 15, had an acute onset associated with nausea, 
vomiting and abdominal pain and distention. A rash appeared 
approximately 12 hours later and the patient was semicomatose and 
in shock soon thereafter. The rash which at first was petechial and 
distributed chiefly to the extremities and face, soon became dark and 
blotchy. At the time of admission the temperature was over 107° F. 
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'llie blood pressure was consistently low for 5 days after admission 
to the hospital and tlie blotchy purpuric areas progressed to gangrene 
and sloughing which greatly delayed her final recovery. Penicillin 
was started soon after admission and was given intrathecally as well 
as intravenously. Two days after admission sulfadiazine was added 
to the therapy, since she had remained unconscious and febrile. She 
responded very slowly but with progressive gradual improvement. 

Streptococcal Meningitis. Our experience with penicillin therapy 
in acute streptococcal meningitis has not been significant because of 
the limited number of cases and their extreme complexity. These 
results arc included merely for the sake of completeness and to demon- 
strate the limitations of penicillin therapy, even in infections caused 
by highly susceptible organisms, Avhen there is a preponderance of 
circumstances which limit or prevent the possibilities of recovery. 
Only patients who had failed to respond to sulfonamide treatment 
were given penicillin. 

Five patients with streptococcal meningitis were treated with 
penicillin and only 1 of the 5 recovered (Tabic 5). Three of the 4 
fatalities occurred in patients who were moribund at the onset of 
penicillin therapy, 2 of whom died within 36 hours. The single 
recovery occurred in an infant 3 months of age in wiiom meningitis, 
developed secondary to a bilateral otitis media. Penicillin was started 
soon after admission before the child had received any other form of 
therapy. For 2 days she received 100,000 units daily by equal 2- 
hourly intramuscular injections. Thereafter for 4 days she was given 
50,000 units each day by the same route. Ten thousand units were 
given intracisternally each day in conjunction with the systemic 
therapy. Systemic sulfadiazine was started on the ,4th day of pen- 
icillin treatment since the fluid was still cloudy, although sterile culture 
was obtained; the temperature had remained elevated and nuchal 
rigidity was still present. Sulfadiazine was continued for 12 days 
after penicillin had been discontinued. Bilateral injo-ingotomy was 
done soon after admission. In this case it is impossible to determine 
the respective roles which penicillin, sulfadiazine and myringotomy 
played in contributing to recovery. 


Tadi/E 5. — Streptococcal Meningitis 


No. 

1 

2 

3 

4 

5 


Ago 

Sex 

Bacteremia 

10 

M 

No 

76 

M 

Yes 

52 

M 

Yes 

00 

E 

No 

3/12 

E 

(No cult.) 


Daily penicillin dosage 


Systemic 

Local 

Results 

80,000 

10,000 

Died 

100,000 

10,000 

Died 

150,000 

10,000 

Died 

90,000 

10,000 

Died 

100,000 

10,000 

Rec. 


Among the 4 patients who died, 1 was 10 years of age, while the 
others were 52, 60 and 76 years old respectively. All 4 had received 
an ample course of sulfonamides prior to the use of penicillin. The 
drugs were not given together in any of the 5. All 4 received adequate 
intravenous and intrathecal penicillin therapy. There were no sulfon- 
amide or penicillin reactions of any kind. One of the 4 received 
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3 intraventricular instillations of the drug before she died, 36 hours 
after penicillin was started. In 3 of the 4 the spinal fluid had become 
sterile before penicillin was started. In the remaining case only 
1 fluid specimen was obtained, since the patient died within 24 hours. 

The primary foci of infection among the fatal cases were found to be: 
otitis media, cellulitis of the eye with osteomyelitis of tlie orbit, an 
infected cerebellar scar (which was incised), and a diabetic foot infec- 
tion which resulted in bacteremia and endocarditis as well as men- 
ingitis. 

The organism in 4 of the 5 cases was beta-hemolytic streptococcus, 
while the spinal fluid of the 5th patient revealed anaerobic non-hemo- 
lytic streptococci. The cause of death in 2 cases was listed as purulent 
basilar meningitis, as subdural abscess in another, and as acute endo- 
carditis in the remaining case. 

Staphylococcal Meningitis. The results obtained with sulfonamide 
therapy in staphylococcal meningitis have been less satisfactory than 
those obtained with sulfonamides in other forms of acute coccal men- 
ingitis. This disease is the more infrequent of the secondary men- 
ingitides and has always been considered to be more lethal. 

The great specificity and potency of penicillin against hemolytic 
Staphylococcus aureus infections is well illustrated in the 4 patients 
included in this series (Table 6). All 4 of them recovered from their 
acute infection, although 1 of them died 3| months after the infection 
had been controlled and apparently eliminated by the use of penicillin. 
This patient was a 22-year-old female, admitted because of sensory 
disturbances in the lower extremities. A staphylococcal bacteremia 
and meningitis developed subsequently which was treated successfully 
with penicillin. During her course of acute infection and therapy she 
displayed localizing signs. A laminectomy was done between 1)4 and 
Ds which revealed a subdural abscess and cord compression. The 
infection had apparently extended into the vertebra. Subsequently 
the patient developed a cord bladder, loss of sensory and motor power 
in the left lower extremity, and large decubiti over the bony promi- 
nences in the involved areas. She lived almost 4 months after the 
laminectomy. A septic abortion 3 months before admission may have 
been the original portal of entry. 


Table 6. — Staphylococcal Meningitis 

Daily penicillin dosage 


No. 

Age 

Focus 

Bacteremia 

Systemic 

Local 

Results 

1 . , 

, . 33 

L2 

No 

100,000 

None 

Reo. 

2 . . 

. . 3 

Craniotomy 

(No cult.) 

50,000 

10,000 

Rec. 

3 . . 

, . 22 

Uterus? 

Yes 

100,000 

10,000 

Rec.* 

4 . . 

. 3 

Craniotomy 

No 

25,000 

10,000 

Rec. 


* Died 2J months after meningitis was cured. 


The other 3 patients included 2 3-year-old children who developed 
meningitis as a postoperative complication following removal of 
cerebellar tumors. The remaining case (Chart 4) was an adult who 
displayed chronic recurrent osteomyelitis which, at this admission, 
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involved the second lumbar \'ertebra. He displayed left ear deafness, 
left arm paralysis, and acute staphylococcal sinusitis during the acute 
infection. None of these last 3 patients showed staphylococcemia. 


jjCftse 1 - tx.^c 33 
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CnAiiT 4.-— Hemolytic sltiphylococcus meningitis treated with systemic penicillin 

therapy alone. 


The 2 adult patients were given 100,000 units of penicillin each day, 
first by tlie continuous intravenous route and later by intermittent 
intramuscular injection. The 2 children received 25,000 units and 
50,000 units, respectively, each day by intramuscular administration. 

Intrathecal therapy in the 2 children was given intraventricularly 
tlirough the operative cranial defect. The patient with the subdural 
abscess was given intracisternal therapy. The remaining patient 
who had osteomyelitis of the second lumbar vertebra did not receive 
any intrathecal therapy (Chart 4). His response was prompt and 
adequate to tlie systemic therapy. He displayed an urticarial rash 
4 days after penicillin was started. ... 

These patients had all received sulfonamides before the institution 
of penicillin treatment, but progress was not considered to be satis- 
factory. The evidence of meningitis in all 4 cases consisted of puru- 
lent spinal fluid containing viable organisms withdrawn on at least 
2 occasions before penicillin was begun. The hemolytic Staphylococcus 

aureus was recovered in all 4. . 

Discussion. Despite the limitations of penicillin in purulent coccal 
meningitides, it appears that this drug will find a place in the therapy 
of these diseases unless it is supplanted by a more efficacious drug. 
While future study may reveal that the sulfonamides are equally or 
more effective in meningococcal and streptococcal meningitis, penicillin 
should be employed in those cases which do not respond after adequa e 
trial of sulfonamides. It seems probable that penicillin will be the 
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primary drug of choice in the pneumococcal and staphylococcal 
meningitis. 

There are now 2 major questions which confront us regarding the 
use of penicillin in meningitis. First, should it be given in combination 
with sulfonamides? And second, is intrathecal therapy necessary? 
In view of our experience and the reports which have appeared in the 
literature on this subject, we believe that both questions 
should be answered in the aflBrmative. 

Since penicillin and sulfonamides have been shown to be of definite 
value in types of meningitis discussed in this paper, and since they are, 
as far as we know, completely compatible, there is no rational reason 
for not combining them. IVhen the 2 drugs are used simultaneously 
the combined result may be due to synergistic action,^ or merely to 
the cumulative effect. Although combining of therapeutic agents 
may be unsatisfactory from the standpoint of clinical research, suppura- 
tive meningitis is an exceedingly serious type of infection and the 
combined use of all available measures of possible therapeutic value 
would appear to be justified in routine practice (Table 7). 

Table 7. — Combined Penicillin and Selfonamide Therapy 


Meningitis ' Recovered Died Total 

Pneumococcal 3 4 7 

Meningococcal 2 0 2 

Streptococcal 1 0 1 

Staphylococcal 0 0 0 

Total 0 4 10 


The question of intrathecal therapy is far from settled. In this 
report we have mentioned 15 patients treated with penicillin alone 
who did not receive intrathecal injections. Eight of these patients 
recovered, apparently as a result of this therapy. These cases are 
distributed as follows: 7 pneumococcal infections with 4 deaths, 7 
meningococcal with 3 deaths, and 1 staphylococcal, who survived. 
This indicates that intrathecal treatment is not always indispensable, 
but while doubt remains, we are disposed toward the opinion that the 
severity of these infections calls for complete therapeusis by all rational 
methods (Table 8). Furthermore, penicillin injected by ventricular 
and cisternal routes is likely to be more effective than that given into 
the lumbar canal. 

Table 8. — Patients Receiving Only Systemic Penicillin Therapy 


Meningitis 

Recovered 

Died 

Total 

Pneumococcal . 

... 3 

4 

7 

Meningococcal 

. . . 4 

3 

7 

Streptococcal . 

... 0 

0 

0 

Staphylococcal 

. . . 1 

0 

1 

Total 

. . . 8 

7 

15 


The results presented in this report indicate that results with 
penicillin in pneumococcal meningitis are not significantly better than 
those obtained with sulfonamides in the hands of experienced clini- 
cians. ^ However, improved results with penicillin are to be expected 
as clinical experience increases and as cases are treated earlier in their 
course. The statistical results in this study were heavily weighted 
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% the inclusion of many patients who had already failed to respond to 
sulfonamide treatment. If more of the patients had received penicillin 
early, rather tlian as a measure of desperation, a larger proportion of 
survivals might have been recorded. 

Virtually the same comments apply in connection with meningo- 
coccal meningitis. 

The streptococcal meningitis patients in this series were at such 
advanced states of illness that there remained no reasonable expecta- 
tion of successful treatment. 

_ Penicillin appears most highly specific for the staphylococcal infec- 
tions and sliould be used promptly as the drug of choice in all cases of 
meningitis caused by this organism. 

Since the great majority of cases of streptococcal, pneumococcal and 
staphylococcal meningitis arc secondary to infection elsewhere in the 
body, an intensive search for everj*^ possible focus is imperative.^ 
Every patient should be examined by a competent otolaryngologist, 
and complete Roentgen ray studies of mastoids and paranasal sinuses 
should be performed with due recognition of the frequency with which 
the signs of infection in these areas are masked by chemotherapy. 
The urgency of this step is based on the Hkeliliood that the drug 
therap 3 ’’ will not influence a primary suppurative focus and that 
constant refeeding of blood stream and meninges from such a focus 
Avill militate strongly against recovery. The slightest evidence of 
undrained abscesses in mastoids or sinuses demands early surgical 
intervention, even though such findings would not call for surgerj’’ in 
the absence of meningitis. Operative procedures are relatively safe 
in a patient protected against generalization of infection penicillin. 

Our random experience in the treatment of 71, cases of acute men- 
ingitis with penicillin during the period of preliminary clinical e^’■aIua- 
tion of the drug does not justify specifications of the ideal regimen of 
therapy in the management of these infections, particularfy when the 
factors of increasing supply and decreasing costs of penicillin are taken 
into consideration. However, it appears that the following comprises 
a safe and useful plan of therapy until more extensive investigation 
establishes an optimal com’se of treatment: 

1. Prompt diagnosis and ample supportive therapy, including surgi- 
cal intervention if indicated. 

2. Two liundred thousand units of penicillin administered systemi- 
cally each day by the continuous intravenous route during tlie acute 
phase of the disease and later by intermittent intramuscular injection 
as the infection is brought under control. 

3. Ten thousand to 20,000 units of penicillin intracisternally once or 
twice each day. 

4. Ample sulfadiazine or sulfamerazine therapy systemically to 
attain blood levels of over 15 mg. % of free drug in conjunction with 
the administration of penicillin. 

5. Continuation of intracisternal penicillin until 4 days after the 
spinal fluid has cleared and nuchal rigidity has begun to decrease, and 
of systemic penicillin therapy until 7 to 10 days after the disappearance 
of all signs of infection. 
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Summary. Seventy-one cases of acute coccal meningitis treated 
with penicillin are presented. The following conclusions seem justified : 

1. Penicillin was often effective in pneumococcal, meningococcal 
and streptococcal meningitis after adequate sulfonamide therapy had 
failed to produce the desired response. 

2. In pneumococcal meningitis the presence of subcranial foci and 
advanced age were cardinal factors in influencing the mortality rate. 

3. Intratliecal penicillin therapy does not appear harmful. Intra- 
cisternal injection seems to be the most effective route of intrathecal 
administration. 

4. Although penicillin administered by the systemic route alone may 
have a curative effect in selected cases, it seems preferable to supple- 
ment systemic administration with intrathecal injections of the drug 
by the cisternal route. 

5. The superiority of penicillin over other forms of chemotherapy is 
most clearly demonstrated in staphylococcic meningitis. 

6. It is not unlikely that best results will be obtained through the use 
of a combination of penicillin and sulfonamides in systemic therapy, 
and penicillin intrathecally. 

7. A plan of management of purulent meningitis based upon the 
authors' experience, is outlined. 

REFERENCES 

1. Bigger, J. W.; Synergic Action of Penicillin and Sulfonamides, Lancet, 2, 142, 
1944, 

2. Dingle, J. H., and Finland, M.: Diagnosis, Treatment, and Prevention of 
Meningocoocic Meningitis With a R6sum6 of the Practical Aspects of Treatment of 
Other Bacterial Meningitides, War Med., 2, 1, 1942. 

3. Doivling, H. F., Dadbr, C. C., Feldman, H. A., and Hartman, C. R.: Pneu- 
mococcal Meningitis: A Study of Seventy-two Cases, New England J. Med., 226, 
1015, 1942. 

4. Flippin, H. F., and Lockwood, J. S.: Sulfathiazole and Sulfapyridine in the 
Treatment of Pneumococcal Pneumonia and Meningitis, Med. Clin. North America, 
24, 1789, 1940. 

5. Flippin, H. F., Reinhold, J. G., and Gbfter, W. I.: Sulfamorazine: Clinical 
Evaluation in 400 Cases, Med. Clin. North America, p. 1447, Nov., 1943. 

6. Hodes, H. L., Smith, M. H. D., and Ickes, H. J.: Sixty Cases of Pneumococcic 
Meningitis Treated With Sulfonamides, J. Am. Med. Assn., 121, 1334, 1943. 

7. Meads, M., Harris, H. W., Samper, B. A., and Finland, M.: Treatment of 
Meningococcal Meningitis With Penicillin, New England J. Med., 231, 509, 1944. 

8. Neal, J. B., Applebahm, E., and Jackson, H. W.: Sulfapyridine and Its 
Sodium Salt in the Treatment of Meningitis Due to the Pneumococcus and Haemophilus 
Influenza, J. Am. Med. Assn., 115, 2055, 1940. 

9. Pilcher, C., and Meacham, W. F.: The Treatment of Experimental Staphylo- 
coccic Meningitis With Intrathecal Administration of Penicillin, J. Am. Med. Assn., 
123, 330, 1943. 

10. Pilcher, C., and Meacham, W. F.: The Treatment of Pneumococcal Meningitis 
by Intrathecal Administration of Penicillin, J. Neurosurg., 1, 76, 1944. 

11. Rammelkamp, C. H., and Keefer, C. S.: The Absorption, Excretion and Dis- 
tribution of Penicillin, J. Clin. Invest., 22, 425, 1943. 

12. Rhoads, P. S., Hoynb, A. L., Levin, B., Morswell, R. G., Reals, W. H., and 
Fox, W. W.: Treatment of Pneumococcic Meningitis, J. Am. Med. Assn., 115 917, 
1940. 

13. Rosenberg, D. H., and Arling, P-. A.; Penicillin in the Treatment of Meningitis, 
J. Am. Med. Assn., 125, 1011, 1944. 

14. Rosenberg, D. H., and Sylvester, J. C.: The Excretion of Penicillin in the 
Spinal Fluid in Meningitis, Science, 100, 132, 1944. 

16. Waring, A. J., and Smith, M. H. D.: Combined Penicillin and Sulfonamide 
Therapy in the Treatment of Pneumococcic Meningitis, J. Am. Med. Assn., 126, 418, 



18 


nENNIE: INFECTIVE HEPATITIS 


INFECTIVE HEPATITIS 
With Special Eeference to Prognosis 
By J. Basil Rennie, M.D., M.R.C.P. 

LECTUnEH IN rnACTlCE of medicine, CNTS'EnSITY OF GEA8GOW 
GLASGOW, SCOTLAND 

With the technical assistance of T. G. Pirie 

(From the Gardiner Institute of Mcdicino, University of Glasgow, and 
Tlic Western Infirmarj') 

The epidemic prevalence of acute infective hepatitis in the past 
4 years has provided evidence for prognosis. The same disease in its 
sporadic form (hitherto known as catarrlial jaundice) was almost 
always benign, but it was known that in very occasional cases the clini- 
cal picture for unknown reasons might suddenly change and fatal 
hepatic failure ensue. We know nothing of the frequency of this 
happening, since most of the cases occurred in general practice and 
were probably seldom published. 

During the present epidemic of the disease tlie prognosis is obviouslj^ 
benign in most cases, although recovery may be delayed for 3 months. 
On the other hand, there is evidence that the disease maj^ occasionally 
pursue a different course, and end in: (1) acute fatal necrosis; (2) sub- 
acute damage, going on to; (o) gradual hepatic failure, (6) cirrhosis. 

A marked rise in the incidence of acute hepatic necrosis was noted by 
Bergstrand^ during the Swedish epidemic of jaundice in 1927. In the 
present epidemic of infective hepatitis in England, Ford* reported 
1 death from acute necrosis in 300 cases, and Lisney’* considered 3 or 
possibly 5 individuals died of the disease out of 10G2 attacked. (It is 
however,- probable that all of these deaths were not due to acide 
necrosis.) Under exceptionally favorable circumstances, at the U. S. 
Army Institute of Pathologjs Lucke'®“ was able to study 125 fatal 
cases occurring in an unspecified (for obvious reasons) number of cases. 
However, he states that “only a small fraction of the cases” end 
fatally. Lucke does not state how many of the deaths were due to 
the spontaneous disease and how many occurred after the use of yel- 
low fever vaccine. On the other liand, Edwards* had no deaths in 
64 cases and Evans’ none in 65 and there were no fatalities in 170 cases 
reported by Cameron* in the Palestine Forces and none in 168 cases 
reported by Gordon® in the Middle East Forces. As fatal cases, in 
the Services at least, are likely to come under observation in hospitals, 
it seems that acute necrosis is an infrequent termination of infective 
hepatitis at the present time. 

There is a growing amount of evidence that the liver may sustain 
permanent, but not immediately fatal, damage from an attack of acute 
infective hepatitis. Bergstrand’ and Cullinan*'^ described a condition 
of subacute necrosis of the liver characterized by prodromal sjmptoms 
like those of acute infective hepatitis, by fluctuating jaundice and by 
enlargement of the liver and spleen. Many of the patients died of 
hepatic failure after a period of months or even years; in others ascites 
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and a tendency to hematemesis developed; apparent recovery was 
noted in some, but relapse was usual. At autopsy, subacute necrosis 
of the liver was found. More recently, Higgins, O’Brien, Stewart 
and Wittsi2 classified as subacute all cases of hepatitis in which jaundice 
lasted longer than 2 months and reported 7 out of 19 to be probably 
due to acute infective hepatitis. Of these patients, 3 died (subacute 
necrosis of the liver being found at autopsy), 3 recovered and 1 showed 
progressive hepatic disease when last seen. In 14 of Lucke’s^^*’ cases 
where death occurred from unrelated causes, after recovery from infec- 
tive hepatitis, all the livers appeared normal grossly. In all 9 cases 
examined more than a month after recovery, the “parenchyma was 
restored completely.” 

The development of cirrhosis after a variable period free from 
symptoms was also described by Ber^trand.^ Polack^® reported 8 cases 
in young adults after an attack of acute hepatitis 3 to 8 years before. 
In a review of 386 cases of cirrhosis, Ratnoff and Patek^® concluded that 
catarrhal jaundice was the probable cause in 6.5%. Rennie®^ observed 
that in 5 out of 16 patients with cirrhosis, the only known antecedent 
factor was an attack of “catarrhal jaundice.” Some attempts have 
been made to detect residual hepatic damage by performing function 
tests on individuals who have made an apparently complete recovery 
from acute infective hepatitis. Suffer and Paulson®® and Kornberg^^ 
found a plasma bilirubin above the accepted normal level and a dimin- 
ished bilirubin clearance in reexamihations some years after the attack. 

None of those patients with positive findings showed clinical evidence 
of hepatic disease although some complained of dyspepsia. More 
recently it has been reported that hippuric acid synthesis (Rennie ;®' 
Gordon®) and levulose tolerance (Rennie®^) occasionally remain im- 
paired some weeks after jaundice has disappeared. These results are 
inconclusive but suggest that the more modern tests of liver efficiency 
may reveal latent residual damage before clinical signs of cirrhosis 
develop. 

This paper briefly summarizes the clinical manifestations shown by 
39 patients in the acute stage of infective hepatitis. Six cases of sub- 
acute hepatitis and cirrhosis considered to be sequels to acute infective 
hepatitis are discussed in more detail. Liver efficiency tests were 
carried out on all patients and in many of them on numerous occasions. 

In order to acquire more information about the ultimate issue of 
the disease it was also intended that observations should be continued 
after the patients were dismissed from the hospital, but present circum- 
stances made this generally impracticable. 

Tests Used. Hippuric acid synthesis (Quick*®) as modified by Rennie,®® a 
modified levulose tolerance test (Rennie®*), estimation of plasma albumin and 
globulin (Howe*® as modified by Hawk and Bergeim*®) and the quantitative 
estimation of plasma bilirubin by the method of Thannhauser and Anderson®® 
using the Lovibond comparator. 

Results in Controls. Hippuric Add Synthesis. The test was per- 
formed oh 108 convalescent patients who were free of hepatic disease 
and were not suffering from any of the other conditions which diminish 
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the output of hippuric acid. All tests were done with the subjects in 
bed. Over a period of 4 hours after ingestion of G gm. of sodium 
benzoate, the mean excretion of benzoic acid (as hippuric acid) in the 
urine M'as 3.18 gm. The range was 2.40 to 4.51, S.D. 1.06 and S.E. 
0.10 gm. 

7 he Modified Lcviilosc Tolerance Test. Reasons for regarding the 
levulose tolerance test as specific have been given elsewhere (Herbert'^) 
and a really high blood glucose such as may occur in diabetes would 
appear to produce the only fallacy. The plasma levulose was esti- 
mated Aand 1 hour after ingestion of 50 gm. of levulose and the higher 
figure considered to be the significant one. In 30 controls drawn 
from the staff and patients convalescent from disease not involving 
the liver the maximum value was 14 mg. per 100 ml. The mean was 
10..33, S.D., 1.14 and S.E. 0.21 mg. The extreme upper limit of nor- 
mal has been taken as 15 mg. per 100 ml. 

The Plasma Proteins. Estimation of the plasma albumin and globu- 
lin as a test of liver efficiency«is based on the view that the liver is 
responsible for their synthesis. A number of workers have reported 
that albumin falls and globulin increases in various diseases of the 
liver, and very marked changes have been noted in cirrhosis (Post 
and Pateld") and in subacute hepatitis (Higgins, O’Brien, Stewart and 
Wittsi=). 

As controls, 50 blood donors were used, the samples being taken at 
the start of the bleeding and with minimal stasis. The results are 
given in Table 1. 

Table 1.— Plasma Pbotein Valves in 50 Controls 
(Gro. per 100 ml. of plasma) 


Albumin Globulin 

HanRO .... 4.19-5.78 1.48-3.09 

Mean .... 4.91 2.33 

S.D 0.37 0.96 

S.E 0.05 0.07 


The Plasma Bilirtihin. The 50 blood donors also provided a series 
of observations on the bilirubin level in controls (Table 2). 

Table 2.— PLASiLA Bilirubin Values in 50 Controls 


Plasma bilirubin No. of 

mg- per 100 ml. cases 

None detected 28 

0 . 0 ' 0.2 8 

0 . 2 - 0. 4 12 

0. 4-0.0 2 


Infecth^e Hepatitis— Acute Stage. Clinical Manifestations. Out 
of 39 patients, 37 gave a history of s:>Tnptoms, predominantly gastro- 
intestinal, before the appearance of jaundice, marked loss of appetite 
being a universal complaint. The duration of this pre-icteric stage 
varied greatly, being less tlian 1 week in 24 and more than 2 weeks 
in 3 instances. It is, however, probable that some patients failed to 
detect the jaundice at its onset. Two were confident that- jaundice 
was the first sign of illness. Three patients stated that the urine 
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was dark on tlie first day of illness and 1 of these, a doctor, detected 
bile in his urine 3 days before the development of icterus. Neither 
duration nor severity of the pre-icteric phase was related to depth or 
duration of jaundice. 

The frequency of the symptoms and signs found in the hospital is 
shown in Table 3: 

Table 3. — Ebeqtjency of Signs and Symptoms in 39 Patients With 
Acute Infective Hepatitis 


Jaundice 39 Headache . 9 

Bile in urine 39 Joint pains 8 

Marked anorexia 39 Albuminuria 7 

Nausea 30 Pain in back 3 

Vomiting 25 Spleen palpable 2 

Abdominal pain or discomfort . 25 Rash 2 

Liver enlarged 23 Hemorrhagic tendency ... 2 

Liver tender 18 Ascites 2 

Pulse rate <60p.m. ... 21 Edema 1 

Fever 13 Herpes 1 

Pruritus 9 


Leukocyte counts were made on 25 patients. The range was 2600 to 
1 1,000 per c.mm. Nine patients had counts of less than 5000 per c.mm. 
Absolute lymphocytosis was found in 5 out of 10 differential counts. 
Extravasation of blood after venipuncture was prominent in 2 patients 
with deep jaundice associated with a low prothrombin index. 

Case 2 (Table 4) is of particular interest. This patient, a man of 42, 
underwent laparotomy because of intense and persistent jaundice associated 
with a mass thought to be the gall bladder. This mass was found to be a 
Riedel’s lobe and his gall bladder, ducts and pancreas were normal. The liver 
was enlarged, very hard and dark green in color. Hepatic biopsy showed a 
picture which could be interpreted as a stage toward recovery from severe 
acute hepatitis. It was of interest that although the diffuse inflammatory 
infiltrate had gone, there was well-marked proliferation of the bile ducts. 
Cirrhosis was not present. Within a few weeks jaundice disappeared and 
the man was dismissed well. Two years later there was no sign of hepatic 
disease and liver efiiciency tests were normal. 

This clinical and biochemical recovery from a severe lesion is in 
accordance with the extraordinary and rapid restoration of hepatic 
structiue noted by Dible, McMichael and Sherlock.® 

At the time of dismissal from the hospital all the patients w^ere sub- 
jectively and objectively well save for slight or minimal jaundice which 
was still present in the majority. The duration of the illness varied 
greatly and it was not possible to assess it from any of the initial 
clinical manifestations save one, jaimdice. If jaundice was slight it 
did not last long. The converse did not necessarily hold good however, 
as deep jaundice sometimes lasted many weeks and, on the other hand, 
sometimes cleared rapidly. , 

Biochemical Studies. The results of tests on 39 patients with acute 
infective hepatitis are given in detail in Table 4. Initial observations 
showed that hippmic acid sjmthesis and levulose tolerance were im- 
paired in 27 cases. Plasma albumin was reduced in 27, and globulin 
increased in 18 out of 34 cases. 
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Table 4.— Hepatic Efficiency Tests in 39 Cases of Acute 
Infective Hepatitis 




Per 100 cc. 

of plasma 


Urine 
benzoic a 
(gm. in 

Duration 
of jaundice 
(wks.) on 

Date 

Bilirubin 

Icvulose 

Alb. 

Glob. 

(mg.) 

(mg.) 

(gm.) 

(gm.) 

4 hrs.) 

admission 

10/ 3/4X 

10.2 

22.2 

3.83 

2.57 

0.86 

1 

10/17/41 

3.0 

18.2 

3.55 

2.75 

1.75 


10/25/41 

1.6 

13.8 

4.19 

3.89 

2.62 


10/ 7/41 

20.0 

45.4 

3.44 

2.72 

1.06 • 

5 

10/25/41 

3.0 

24.1 

3.70 

2.83 

2.20 


11/ 3/41 

1.8 

20.0 

4.41 

3.97 

2.48 


11/24/41 

1.3 

15.0 

4.28 

1.70 

2.43 


10/12/43 

0.2 

8.8 

4.95 

2.11 

3.67 


11/17/41 

22.0 

20.3 

3.44 

3.07 

0.89 

2 

11/24/41 

4.4 

13.8 

4.05 

2.08 

1.86 


12/. 1/41 

2.4 

22.2 

3.75 

2.05 

1.00 


12/ 8/41 

1.0 

12.9 

4.17 

2.38 

2.31 


4/ 7/42 

35.0 

20.6 

3.11 

3.00 

0.44 

8 

4/14/42 

20.0 

19.0 

3,01 

2.00 

0.65 


4/21/42 

7.5 

15.0 

3.20 

3.38 

1.11 


4/28/42 

3.0 

13.2 

4.11 

3.22 

0.00 


5/ 4/42 

3.0 

12.8 

. . 

, . 

0.74 


5/12/42 

1.4 

11.1 

3.88 

2.80 

0.92 


7/27/42 

0.2 

9.8 

3.94 

4.20 

1.20 


7/ 1/42 

15.0 

30.3 

2.70 

3.87 

0.08 

4 

7/ 7/42 

9.0 

30.4 

2.87 

4.35 

0.53 


7/15/42 

2.7 

18.1 

3.59 

4.05 

0.83 


7/22/42 

1.8 

22.2 

3.85 

3.27 

0.79 


7/29/42 

1.8 

20.4 

4.45 

3.80 

1.39 


8/ 7/42 

0.0 

22.3 

4.11 

2.54 

1.50 


8/13/42 

0.0 

24.4 

3.71 

2.77 

0.92 


8/19/42 

0.4 

17,1 

4.38 

3.18 

1.72 


8/20/42 

0.5 

19.0 

3.88 

3.65 

1.84 


9/28/42 

0.2 

12.5 

3.82 

2.97 

2.01 


7/10/42 

20.0 

25.0 

3.90 

2.92 

0.16 

2 

7/15/42 

20.0 

35.1 

3.19 

3.20 

0.28 


7/22/42 

18.0 

34.4 

3.85 

3.14 

0.64 


7/29/42 

18.0 

30.0 

4.11 

3.34 

0.84 


8/ 7/42 

10.0 

26.6 

4,89 

2.73 

0.98 


8/13/42 

3.0 

24.4 

4.39 

2.58 

0.92 


8/19/42 

2.0 

19.3 

5.30 

2.93 

1.45 


8/28/42 

1.8 

19.2 

4.03 

4.05 

1.72 


10/19/43 

1.3 

14.2 

. . 

2.57 

2.26 


4/24/44 

0.4 

20.3 

4.02 

1.80 


1/27/43 

10.0 

17.1 

4.01 

2.97 

1.60 

4 

2/ 4/43 

5.5 

13.0 

3.88 

3.04 

2.62 


2/10/43 

3.5 

12.5 

4.19 

3.17 

2.00 


10/19/43 

0.0 

7.8 

• • 


4.44 


5/29/43 

10.5 

23.5 

. , 

• . 

2.52 

1 

6/ 2/43 

18.0 

20.8 



1.66 


6/ 4/43 

22.0 

23.5 

. • 


1.38 


0/10/43 

6/14/43 

22.0 

21.0 

26.3 

30.7 



0.48 


6/21/43 

16.0 

23.2 



1.31 


6/28/43 

6.0 

24.7 

• - 


1 .33 


7/ 3/43 

5.3 

23.8 

•* 

• • 

1.77 


6/28/43 

16.0 

15.0 

. . 


0.70 

1 

7/ 3/43 

15.0 

29.8 



0.67 


7/10/43 

3.5 

26.3 


2.02 

1 .54 


10/26/43 

0.2 

23.2 


3.36 
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Case 


No. 

Date 

10 . . 

7/ 9/43 
7/13/43 
7/20/43 
7/28/43 
8/27/43 
10/24/43 

11 . . 

5/14/43 

5/17/43 

5/21/43 

12 . . 

7/13/43 

7/18/43 

7/21/43 

13 . . 

2/18/43 
11/ 2/43 

14 . . 

9/15/42 
9/22/42 
9/29/42 
10/ 6/42 

15 . . 

5/ 6/43 
5/12/43 
5/20/43 
5/27/43 
10/28/43 

16 . . 

7/16/43 

7/21/43 

7/27/43 

17 . . 

. 11/17/43 

11/24/43 
12/ 7/43 
12/24/43 

18 . . 

8/11/43 

8/18/43 

8/25/43 

19 . . 

8/ 4/43 
8/16/43 
8/24/43 

20 . . 

4/ 3/42 
4/16/42 
4/24/42 

21 . . 

. 12/18/42 

12/28/42 
10/16/43 

22 . . 

5/14/43 

5/17/43 

5/21/43 

23 . . 

12/ 1/41 
12/17/41 
12/10/43 

24 . . 

5/29/43 
6/ 2/43 
6/ 4/43 
6/12/43 


Table 4. — {Continued.) 
Per 100 cc. of plasma 


Bilirubin 

Levnlose 

Alb. 

(mg.) 

(mg.) 

(gm.) 

20,0 

28.9 


28.0 

31.7 

3.71 

18.0 

24.1 


7.0 

18.0 


0.2 

13.6 


0.3 

14.7 

siii 

16.0 

28.5 

3.59 

13.0 

16.4 


8.0 

17.2 


10.0 

9,1 


7.0 


. . 

3.0 

10.2 


15.0 

29.0 

4.07 

0.2 

13.1 

4.88 

16.0 

25.0 

3.66 

12.5 

26.3 

4 56 

6.5 

14.9 

4.81 

4.5 

12.5 

4.52 

15.0 

19.5 

3.63 

15 0 

24.3 

3.62 

5.0 

15.2 


3.2 

13.8 


0.3 

10.2 

4.50 

14.0 

26 6 

4.09 

10.0 

24.1 


4.0 

15.5 


12.0 

20.8 

2.85 

12.0 

22.7 

3.41 

5.0 

13.2 

4.45 

15.0 

20.8 

4.09 

8.0 

17.4 


3.6 

12.5 


17 0 

29.4 

3.84 

10 0 

18.2 


4.5 

13,3 


8.8 

14.3 

3.59 


14.8 

4.63 

3.0 

9.5 

3.94 

7.0 

19.0 

4.23 

1.2 

13.9 

4.11 

• 0 2 

10.6 


8.0 

19.2 

3.75 

3.0 

14.0 


0.2 

12.9 


9.0 

20.0 

3.76 

0,7 

7.1 

5.24 

0.2 

8.3 

5.06 

9,0 

16.5 


4.0 

10.0 



Urine Duration 
benzoic a of jaundice 


Glob. 

(gm. in) 

(wks.) on 

(gm.) 

4 hrs.) 

admission 


1.18 

2 

3.52 

1.16 



1.46 



2.29 



2.61 


2.91 

3.04 


2.84 

1.09 

1 


2.05 



2.14 



3.59 

1 


2.76 



3.57 


3.45 

0 72 

10 

3.37 

3 51 


3.81 

0.47 

3 

3.19 

0.69 


3.63 

1.20 


2.70 

2.38 


3.39 

1.98 

1 

3.19 

2.05 



1.10 


2.75 

3.18 


4.05 

0,75 

1 


1,76 



2.04 


3.91 

0.86 

1 

4.96 



5.79 

1.34 



3.71 


3.56 

0.77 

3 


1.83 


3.72 

0.75 

1 


1.12 



1.92 


2.74 

1.16 

8 

2.83 

2.06 


2.74 

2.82 


3,40 

1.57 

2 

4.69 

1.35 



3.01 


3.18 

2.23 

1 

, , 

■ 2.47 



3.71 


3.75 

2.46 

1 

1.90 

2.22 


2.52 

2.91 


.. 

2.52 

1 

, , 

2.27 


, , 

2.79 


, . 

2.82 
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Tabi,e 4. — {Continued.) 





Per 100 cc. 

of plasma 

Urine 

Duration 

Cnfc 

No. 

Date 

IJilirubin 

(mg.) 

Lc^^llo.‘■e 

(mg.) 

Alb. 

(mg.) 

Glob. ' 
(mg.) 

oeiiEoic a o! jaundice 
(gm. in) (wks.) on 

4 lira.) admission 

25 . 

• . 0/ 2/41 

0.0 

14,5 

3.88 

2.40 

1 .34 

1 


11/ 9/43 

0.2 

15.4 

4.51 

3.01 

3.41 

20 . 

- . 0/20/41 

2.0 

12.0 

3.75 

3.79 

2.03 

5 

27 . 

. . 0/17/41 

2.0 

9.3 

3.58 

4.15 

1.52 

0 

2S . 

- . S/31/42 

3.8 

8.4 

3.75 

3.00 

1.09 

1 

29 . 

. . 12/10/42 

1.7 

15.4 

3.49 

3.83 

2.79 

1 

30 . 

. . 12/10/42 

1.0 

10. C 

4.23 

3.14 

3.00 

2 

31 . 

. . 5/2S/42 

0.0 

9.3 

3.79 

3.00 

3.12 

1 

32 . 

. . 12/7/42 

0.7 

11.5 

4.49 

2.91 

3.19 

1 


11/23/43 

0.2 

9.7 

5.13 

2.08 

3.00 

33 . 

. . 12/22/41 

2.0 

12.3 

5.29 

2.92 

2.47 

2 

34 . 

. . 2/21/42 

5.8 

10.9 

3.34 

3.09 

2.58 

1 

35 . 

. . 2/ 4/43 

3.5 

11.8 

4.05 

1.99 

2.90 

1 

30 . 

. . 9/21/43 

7.2 

10.2 

4.07 

2.00 

2.42 

1 

37 . 

. . 10/12/43 

4.5 

18.0 

3.93 

3.23 

2.02 

2 


12/10/43 

0 3 

11.2 

4.5-4 

2.53 

2.53 


38 . 

. . 9/13/43 

3.3 

9 0 

4.29 

2.58 

2.12 

1 


12/19/42 

0 3 

10.8 

4.28 

2.98 

3.08 


39 . 

. . 5/24/43 

3.0 

15.9 



1.28 

1 


When plasma bilirubin was greater than 10 mg. per 100 ml., hippuric 
acid syntliesis and levulose tolerance were invariably impaired and 
plasma albumin invariably below normal. Be^mnd this no clear-cut 
quantitative relationship could be made out between any of these tests 
performed on admission and the degree of liver damage as shown by 
the duration of the illness. Repeated tests, however, on 23 of the 
more severe cases showed clearly that the functions tested very often 
had not returned to normal at the time of dismissal (Table 5). In 10 
patients, jaundice had disappeared and in 13 was minimal or slight, 
but the plasma bilirubin was still above normal in 20. 

Table S.— Results op Tests at the Time op Dismissal (23 Patients) 


No, ot cases 

Hippuric acid synthesis impaired 13 

Le\'ulose tolerance impaired . , . . 7 

Plasma bilirubin> 0.0 mg. per 100 ml 20 

Plasma bilirubin>2 mg. per 100 ml 13 


Plasma albumin and globulin, estimated in 13 patients on dismissal, 
were abnormal in 6 and 7 respectively. 

An attempt was made to reexamine all the patients and repeat the 
tests, but for several reasons the results have been unsatisfactory. Of 
the 39 patients, 15 were in the Forces and have been lost sight of: 
some have been directed to work elsewhere and travel difficulties have 
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made others unwilling to come for examination. Data from 15 patients 
only have been obtained. On dismissal from hospital all but 1 of these 
(Case 10) showed slight jaundice and abnormality of one or more 
hepatic function tests. When examined_4 weeks to 29 months later, 
all the patients said they felt well and none showed jaundice or other 
evidence of hepatic disease. Hippuric acid synthesis, levulose toler- 
ance, plasma proteins and bilirubin were within normal limits in 
9 cases (Cases 2, 7, 10, 15, 21, 23, 32, 37 and 38, Table 4), but one or 
more tests were abnormal in 6 patients (Cases 4, 5, 6, 9, 13 and 25, 
Table 6). 


Table 6. 


-Impairment op Hepatic Epficiencv Persisting After Dismissal 
From Hospital 


Case 

Bilirubin 

Per 100 ml. of plasma 

Levulose Alb. 

Glob. 

Urine 
benzoic a 

Time since 
dismissal 
{rom hospital 

No. 

(mg.) 

(mg.) 

(gm.) 

(gm.) 

(gm. in 4 hrs.) 

(mos.) 

4 . . , . 

. 0.2 

9.8 

3 94 

4.20 

1.20 

2| 

5* . . . 

0.2 

12.6 

3.82 

2 97 

2.01 

1 

6 . , . . 

. 1.3 

14.2 



2.26 

14 

6 . . . . 

. 0 4 

20.8 

4.62 

2.57 

1.80 

20 

9 . . . . 

. 0.2 

23.2 

6.04 

2.02 

3.36 

3 

13 ... . 

. 0.2 

13.1 

4.88 

3.37 

3.51 

9 

25 ... . 

. 0.2 

15 4 

4.51 

3.01 

3.41 

29 

Now in A.T.S.; 

well; time since dismissal from 

hospital, 

14 months. 



The period of observation was short (Cases 4, 5 and 9) or the ab- 
normalities were slight (Cases 13 and 25), but in Case 6 there was well- 
marked impairment of botli levulose tolerance and hippuric acid 
synthesis in a patient without jaundice, 20 months after the attack of 
acute infective hepatitis. 

Infecth^e Hepatitis— Subacute and Chronic Stage. While 
clinical manifestations of subacute hepatitis or cirrhosis (chronic hepat- 
itis) have not so far been observed in the 39 acute cases described, 
during the past 18 months 4 patients have been seen with striking 
hepatic lesions believed to be sequels to acute infective hepatitis (Cases 
40 to 43, Table 7) . Specimens for histologic examination were obtained 
either at operation or postmortem examination, and liver eflSciency tests 
showed marked impairment of function in all the cases (Table 7). 

Case Eeports. Case 40. A woman of 56 who in October 1943 developed 
marked anorexia and nausea. About 4 weeks later her friends remarked she 
was jaundiced. Jaundice became rapidly worse and persisted, although the 
patient thought it fluctuated in intensity. On admission to hospital in 
December 1943 jaundice was marked and on deep inspiration a firm smooth 
swelling was palpable under the right costal margin towards the midline. At 
laparotomy the pancreas and ducts were normal and the mass was the deeply 
pigmented livw. Biopsy showed great disorganization of the liver with no 
sign of resolution. When she was discharged from hospital, Jan. 23, 1944, 
jaundice was much less but the liver was still palpable and there was slight 
edema of the ankles. On February 16 she was readmitted because of sudden 
intense dyspnea and cyanosis. Her condition had deteriorated, the liver was 
larger, the spleen was palpable and there was ascites and considerable edema. 
The dyspnea was due to a verj" large right-sided pleural effusion. Alter para- 
centeis and salt and fluid restriction she improved and was dismissed from 
hospital on March 25. She died at home of hematemesis on April 20. No 
autops}’^ was made. 
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Case 41. A soldier 21 years old -who developed jaundice after some days 
““ yoMting. Numerous cases of jaundice -were occurring at 
this time in his unit. On 2 occasions when jaundice had almost gone a relapse 
occurred, men admitted to hospital on Aug. 16, 1941, he had been jaundiced 
for 8 months. Liver dullness was diminished. The spleen was not palpable, 
bubsequently he was transferred to a military hospital where a laparotomy 
was performed. The pancreas and ducts were normal and the liver was the 
s^t of cirrhosis. Biopsy of the liver confirmed this diagnosis. He was dis- 
charged from the Army in “fair ” condition and his further history is unknown. 

Case 42. A healthy woman of 24 who in February 1939 developed anorexia, 
nausea, vomiting and pain in the epigastrium. Within a few days deep 
jaundice appeared. When this had lasted 5 months a laparotomy was per- 
formed. The bile ducts and pancreas were normal. The liver was slightly 
enlarged, firm and deeply pigmented. Biopsy showed healing hepatitis and 
earlj' cirrhosis. The jaundice is said to have gradually disappeared and 'she 
was well save for "dyspepsia" until January 1941 when she had a slight 
hematemasis. In May 1941 pain in the epigastrium recurred followed by 
jaundice and swelling of the abdomen. On admission to this unit on June 13, 
1941, there was marked jaundice and ascites. The liver was much enlarged 
and the spleen moderately so. Hematemesis recurred on several occasions 
and she died on Julj' 12. Postmortem examination showed cirrhosis of the 
liver. Esophageal varices were present. Histologic examination of the liver 
showed well-established multilobular cirrhosis. 

Case 43. A health}'' woman who in August 1942 developed jaundice after 
some days of epigastric discomfort, nausea and loss of appetite, ^^^len seen 
in hospital in November 1942 jaundice was still present, though less marked, 
and the liver was palpable. At laparotomy both liver and spleen were slightly 
enlarged. The bile ducts and pancreas were normal. . Hepatic biop^ showed 
a mild degree of cirrhosis. When next seen in May 1943 the liver was now 
larger and veins were prominent on the abdominal wall. Hematemesis 
occurred on 2 occasions. She was re-admitted in July 1943 with severe hema- 
temesis, from which she died. At autopsy cirrhosis of the liver with esophageal 
varices was found. Terminal miliary tuberculosis with infiltration of the 
stomach and esophagus complicated the picture. Two other patients (Cases 
44 and 45) are also believed to have sustained persisting hepatic damage from 
an attack of acute infective hepatitis. Their illnesses also dated from a severe 
attack of jaundice and 1 of them has shown slight jaundice for 2 years since. 
Histologic confirmation of a hepatic lesion was not obtained, but both patients 
showed marked hepatic dysfunction. 

Case 44. A healthy man of 38 who in December 1941 developed nausea 
and flatulence which were followed in a few days by jaundice which was intense 
for 20 weeks. Alter this it persisted in very slight degree and he suffered from 
flatulent dyspepsia. In April 1943, after an attack of epigastric pain, jaundice 
became more marked and the stools pale for 3 weeks. Since that time there 
was slight jaundice, which, on admission to hospital in March 1944, was 
minimal. The liver and spleen were not enlarged. Blood picture and erythro- 
cyte fragility were normal. Barium meal and enema were normal. 

Case 45. A healthy woman who in 1939 had a severe attack of jaundice 
lasting 4 months and during which ascit^ was said to have been present. 
Since that time there has been no jaundice and her only complaint ■was of 
being easily tired. In April 1943 she began to vomit after meals and was 
drowsy and irritable. On admission to hospital on April 17, 1943, 
no jaundice. Liver and spleen were not palpable. Barium meal and barium 
enema were negative. She improved rapidly and was dismissed symptom-free 
in 2 weeks. 

The results of the liver efficiency tests are shown in Table 7. Plasma 
bilirubin was above normal in all cases but bore no relation to the 
severity of the condition, in Case 40 for example, falling as the patient s 
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condition steadily deteriorated. Levulose tolerance, hippuric acid 
synthesis and plasma albumin and globulin were abnormal in all the 
cases. 


Table 7. — Liver Function Tests in Subacute Hepatitis and Cirrhosis 
Developing After an Attack op Acute Infective Hepatitis 

Per 100 ml. of plasma 

. . — — . Urine 


Cas6 


Bilirubin 

Levulose 

Alb. 

Glob. 

benzoic a 

No. 

Date 

(mg.) 

(mg.) 

(gm-) 

(gm.) 

(gm. in 4 bra.) 

40 . . 

1/12/44 

15.0 

28.1 

2.79 

4.91 

0.63 


2/17/44 

5.0 

43.4 

2.66 

5.08 

0.55 


3/24/44 

1.3 

40.0 

3.25 

4.01 

0.53 

41 . . 

6/28/41 

12.0 

34.0 

2.62 

6.22 

0.61 

42 . . 

6/25/41 

12.0 

16.1 

2.92 

3.67 

1.58 

43 . . 

12/16/42 

5.0 

26.3 

2.98 

3.56 

1.53 


1/ 7/43 

8.0 

32.5 

3.11 

4.41 

1.60 


2/ 4/43 

8.0 

50.0 

2.97 

4.19 

1.10 


2/11/43 

4.0 

41.6 

2.84 

3.56 

1.00 


3/11/43 

5.0 

40.0 

2.50 

4.46 

1.10 


5/24/43 

7.0 

30.7 

•• 

•• 

0.69 

44 . . 

3/ 3/44 

2.0 

36.3 

3.83 

4.90 

1.91 

45 . . 

4/13/43 

0.8 

26.0 



1.36 


Discussion. The number of cases studied in the early acute stage is 
too small to draw conclusions regarding the value of any clinical 
manifestation in assessment of prognosis, particularly as none of the 
patients died. It can be said, however, that jaundice which at its 
height was intense often lasted many weeks, but jaundice which was 
slight or moderate cleared up in 2 or 3 weeks. 

The liver efficiency tests showed that even comparatively moderate 
attacks of acute infective hepatitis generally produced an initial 
impairment of all the hepatic functions investigated. One major 
objection commonly raised against the use of hepatic efficiency tests is 
that they are unlikely to be positive unless death is imminent from 
cholemia, so great is the hepatic reserve. Surely there is enough 
evidence from recently developed tests to refute this once and for all. 
It is also apparent that the functional impairment sometimes persisted 
after jaundice had gone or was minimal and even when the plasma 
bilirubin was within normal limits. One patient with a plasma 
bilirubin of 0.4 mg. per 100 ml., although clinically normal and feeling 
well, still showed definite impairment of hippuric acid synthesis and 
levulose toleranee 20 months after dismissal. Even from this single 
case it is justifiable to conclude that a latent chronic hepatitis can occur 
after an attack of acute infective hepatitis. 

Further evidence of residual hepatic damage after an attack of acute 
infective hepatitis is afforded by 6 cases which were admitted to the 
wards during the 2 years of this investigation. In each case the illness 
started with intense, prolonged jaundice for which no known hepato- 
toxic agent was found responsible. One soldier patient developed 
jaundice during an epidemic in his unit. The existence of subacute 
or chronic hepatitis was confirmed by histologic examination of 
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4 patients, from specimens obtained at operation or autopsy. The 
hepatic functions investigated were grossly impaired in all. The rate 
of progress of the lesion varied considerably, 1 patient dying in 5 months 
from the onset of the jaundice and 2 others in 2 years, hematemesis 
being the direct cause of dcatJi. Two patients, 1 of whom still shows 
minimal jaundice, are leading active lives and show no gross evidence 
of hepatic disease, although tests show that hepatic dysfunction per- 
sists. The sixth patient has been lost sight of. 

Space forbids a discussion on the relationship of the condition of the 
liver to the plasma proteins. A fall in albumin and <i rise in globulin 
were encountered frequentl}^ but since changes of the order noted in 
cases of acute infective hepatitis occur in manj’’ non-hepatic conditions, 
the test cannot be considered a specific one. More marked changes 
in both fractions were observed in 6 out of the 7 patients with persistent 
hepatic damage. 

The result of this small investigation gives no answer to the question 
whether persisting hepatic damage is frequent after an attack of acute 
infective hepatitis, but gives further indication that it does occur. 
From the 7 examples recorded here it would seem that the condition 
may be clinically obvious or latent, for a time at least, and detectable 
only by hepatic function tests. With the records available of tliose 
who have had the disease while serving in the Forces, it should not be 
difficult to reach a definite conclusion by a “ follow up” on a large scale. 

Summary. 1 . The occurrence and detection of residual damage to 
the liver after an attack of acute infective hepatitis is discussed. 

2. The clinical manifestations shown by 39 patients with acute 
infective hepatitis are described. None died and all left hospital well 
or with slight jaundice only. There was a direct relationship between 
the depth of the jaundice and its duration, inconstant insofar as deep 
jaundice occasionally cleared rapidly. A biopsy was made on 1 case. 

3. Hippuric acid synthesis, levulose tolerance and the estimation of 
plasma albumin, globulin and bilirubin were used as tests for liver 
damage. 

4. Hippuric acid synthesis and levulose tolerance were impaired and 
plasma albumin invariably reduced when the plasma bilirubin was 
greater than 10 mg. per 100 ml., less constantly with a slighter degree 
of bilirubinemia. 

5. Tests repeated at the time of dismissal showed that one or more 
functions were still abnormal in a large proportion of 23 patients. 

■■6. Six' out of 15 patients reexamined 4 weeks to 29 months after 
dismissal- still showed abnormality of one or more hepatic function, 
although all felt well and showed no clinical evidence of hepatic disease. 
Plasma bilirubin was within normal limits in all cases. One patient 
showed well-marked impairment of levulose tolerance and hippuric 
acid synthesis 20 months after the- acute attack. 

7. The history, physical signs and results of liver function tests are 
discussed' in 6 patients with hepatic disease believed to be a sequel to 
acute infective hepatitis. Autopsy or biopsy was made in 4 and con- 
firmed the existence of subacute hepatitis or cirrhosis. 
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For the interpretation of the histology in Cases 2, 40, 42 and 43, I am indebted to 
Dr. Alan C. Lendrum of the Department of Pathology, University of Glasgow. My 
thanks are also due to Prof. J. W. McNee for his criticisms and advice. 
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ORAL ADMINISTRATION TO VOLUNTEERS OF FECES FROM 
PATIENTS WITH HOMOLOGOUS SERUM HEPATITIS 
AND INFECTIOUS (EPIDEMIC) HEPATITIS* 

By Capt. John R. Neefe, M.C., A.U.S. 

Joseph Stokes, Jr., M.D. 

Am> 

John G. Relnhold, Ph.D. 

PHILADEI/PHIA, PA. 

(From the School of Medicine and Hospital of the University of Pennsylvania) 

Transmission experiments in human volunteers^ have shown that 
the causative agent of infectious {e'pidemio) hepatitis may be present 
m the feces of persons with the active disease. It has seemed desir- 
able, therefore, to determine if the causative agent of homologous serum 
hepatitis is present in the feces of persons with this disease. In the 
present report of transmission experiments in human volunteers, the 
effects of the oral administration of feces obtained from patients with 
homologous serum hepatitis are compared with those obtained by 

* This investigation was conducted under the Commission on Measles and Mumps, 
Board for the Investigation and Control of Influenza and Other Epidemic Diseases in 
tte ^my. Preventive Medicine Service, Oflice of the Surgeon General, U. S. Army, 
Washington, D. C. 
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administration of feces from patients with infectious (epidemic) 
liepatitis. The results of a preliminary study on the length of time 
the agent of infectious hepatitis persists in feces also are presented. 


^ Materials and Methods, Source of Material. Feces specimens used in the 
investigation were obtained from two sources: (1) From volunteers with 
hepatitis induced by experimental inoculation with an icterogenic mumps 
convalescent plasma.® _ (2) (a) From patients with liepatitis contracted during 
a spontaneously occurring epidemic of infectious hepatitis;*' (b) from volunteers 
who developpd hepatitis follovdng experimental ingestion of feces obtained 
from the patients mentioned under (a). All specimens were frozen irithin 24 
to 48 hours after collection and stored at —5 to —20° C. 

Prej)arati07i of Spccimc7is^ for Inoatlalmis. The specimens to be pooled were 
partially thawed and_ portions of each were placed in a common receptacle. 
The mixture was subjected to the action of a Waring Blendor or an electric 
stirrer, distilled water being added in amount suflicient to give a fluid suspen- 
sion. The homogenous suspension was then strainpd through 2 to 4 layers 
of gauze. _ The resulting preparations represented 10 to 50% suspensions of 
feces in distilled water, the concentration depending upon the water content 
of the ori^nal specimens. The preparations were kept at —5 to —20° C. 
until used in the experiments to be described. Bactcriologic examination of 
the indiwdual specimens and of the final pooled preparations revealed no 
pathogenic bacteria. 

Homologous Seuum Hepatitis Feces Specimens. The following 3 pools 
were prepared from specimens obtained from volunteers in various stages of 
the disease: 

1. Pool 1 FSH. This was composed of portions of all feces specimens ob- 
tained from volunteer B. C. during the first 5 days after the appearance of 
jaundice. 

2. Pool 2 FSH. This was composed of : (o) Pool 1 FSH plus equal volumes 
of (b) a pool of all specimens obtained from volunteer C. L. during the first 
10 da 3 ’'S after the appearance of jaundice plus (c) a pool of all specimens ob- 
tained from volunteer F. S. during the 7 day period immediately preceding 
visible jaundice and during the first 5 days after the appearance of jaundice. 
The final pool (2FSH) tlius included portions of all specimens obtained from 
1 volunteer during the pre-icteric stage and from 3 volunteers during the early 
icteric stage. 

3. Pool 3 FSH. This was prepared by pooh'ng portions of specimens 
obtained from: (a) Volunteer D. C., 4, 8 and 18 days after the appearance of 
jaundice, (5) volunteer C. E., 5 and 9 days after the appearance of jaundice, 
and (c) volunteer C. K., 2 and 5 days after the appearance of jaundice. 

Infectious (Epidesuc) Hepatitis Feces Specimens. The following 3 pools 
were prepared from specimens obtained from patients in various stages of this 
disease: 

1. Pool 1 FIH.* This was prepared by pooling portions of specimens 
obtained from: (a) Patient R. G. on the 1st day that jaundice was wsible, 
(6) patient M. Z., 3 days after jaundice had appeared, (c) patient R. Go., 

9 days after the onset of infectious hepatitis without jaundice, and («) patient 
H. G., 12 days after the onset of infectious hepatitis without jaundice. 

2. Pool 2 FIH. This was prepared by pooling all feces specimens obtained 
from 2 volunteers (W. M., R. R. M.) during the pre-icteric, early icteric and 
mid-icteric stages of the disease resulting from the experimental ingestion of 


Pool 1 FIH, . .. r .1 

3. Pool 3 FIH. This was prepared by pooling portions of the specimens 
obtained from the same 2 volunteers (W. M., B. R. M.) 3 weeks after disap- 
pearance of jaundice. ' , , , 

Method and Route of Inoculation. All of the pooled feces preparations were 
either diluted with milk (or chocolate milk) and then ingested or were injected 


* A''Seitz filtrate of this pool injected into mice, guinea pigs, and monkeys, showed 
evidence of no other agent pathogenic for man. 
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into the stomach through a gastric tube. No adverse effects were noted dur- 
ing the immediate post-inoculation period. 

Laboratory Studies on Volunteers. Liver function and certain other studies, 
using methods previous^ described,® were carried out at frequent intervals 
before and after the ingestion of the feces preparations. 

Results. The volunteers receiving Pools 1, 2 and 3 FSH, wFich 
were prepared from feces that had been obtained from patients during 
the pre-icteric and icteric stages of homologous serum hepatitis, have 
been observed for 10, 7 and 4 months respectively. As shown in 
Table 1, none of these volunteers developed evidence of hepatitis dur- 
ing the period of observation. In contrast, 6 of 12 men inoculated 
with Pool 1 FIH, prepared from feces that had been obtained from 
patients with infectious hepatitis, contracted the disease, all within 
26 days after inoculation. 


Table 1. — Results of Oral Administration of Feces Obtained From 
Patients With Homologous Serum Hepatitis and Infectious 
(Epidemic) Hepatitis to Volunteers 

Results 


Hepatitis 

^ Incubation 


Feces 

No. 

Amt. 


No. 

Without 

. With 

period 

preparation 

inoo. 

(ml.) 

Route 

illness 

jaundice 

jaundice 

(days) 

Pool 1 FSH* . 

. a 

4-12 

I-Gt 

11 

0 

0 


Pool 2 FSH . 

• 3t 

15 

I-G 

3 

0 

0 


Pool 3 FSH . 

5 

10 

Oral 

5 

0 

0 


Pool 1 FIH§ . 

. 2 

5 

Oral 

0 

0 

2 

21-25 

Pool 1 FIH . 

. 10 

2 

Orai 

6 

1 

3 

20-26 

Pool 2 FIH . 

. 7 

10 

Oral 

6 

0 

1 

26 

Pool 3 FIH . 

. 7 

10 

Oral 

7 

0 

0 



* FSH — Feces serum hepatitis, 
t I-G— Intragastric, injected through gastric tube. 

+ These volunteers had received Pool 1 FSH 6 months previously. Since none of the 1 1 men 
mceiving Pool 1 FSH developed hepatitis, these men were considered satisfactory for testing Pool 2 
FSH, • * 

§ FIH — Feces infectious (epidemic) hepatitis. 


Pools 2 and 3 FIH were used in a preliminary attempt to determine 
how long the agent of infectious hepatitis continued to be excreted in 
the feces after recovery from the disease. One of 7 volunteers inocu- 
lated with Pool 2 FIH, representing specimens collected from the 
2 patients during the active stage of the disease, developed hepatitis 
26 days after inoculation. None of the 7 men inoculated with Pool 3 
FIH, which was composed of specimens obtained from the same 
2 patients 3 weeks after the disappearance of jaundice, developed 
hepatitis. Both groups have been observed for 3 months. 

Discussion. In respect to the experiments with feces obtained from 
patients with homologous serum hepatitis, the pools used included 
many specimens from 6 different patients in various stages of the 



as judged by age (under 30), the absence of previous history of hepat- 
^is, and the lack of clinical or laboratory evidence of hepatie disease, 
the systematic application of a group of liver function tests at least 
twice weekly made it improbable that a brief attack of hepatitis was 
overlooked. Thus, the failure of any of these men to show evidence of 
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hepatitis suggests tliat the causative agent either was not present in 
the feces of these patients with homologous serum hepatitis or was 
not active when administered by the gastro-intestinal route. This 
observation oilers a possible explanation for one of the puzzling differ- 
ences between serum and infectious (epidemic) hepatitis, namely, the 
apparent failure of epidemics of hepatitis to originate from patients 
with serum hepatitis (other than those related to the injection of 
homologous blood products). 

Summary. 1. Pooled specimens of feces from 6 subjects during 
various stages of homologous serum hepatitis were administered orally 
to 19 healthy volunteers. None of these subjects showed evidence of 
hepatitis during a 4 to G month period of observation, suggesting that 
the causative agent either was not present in the feces or was not 
active when administered by the gastro-intestinal route. 

2. Pooled specimens of feces from patients with infectious (epidemic) 
hepatitis were administered orally to healthy volunteers. Hepatitis 
occurred within 26 days in G of 12 subjects, confirming the observation 
of otliers that the causative agent is present in the feces of patients 
with the active disease. 

3. Pooled specimens of feces obtained from 2 volunteers during the 
prc-ictcric and icteric stages of experimentally produced infectious 
(epidemic) hepatitis were administered orally to 7 healthy volunteers. 
One developed the disease after 26 days, indicating that the agent 
was present in feces obtained during the active disease. Pooled 
specimens of feces from the same 2 volunteers 3 weeks after the dis- 
appearance of jaundice also were administered orally to 7 healthy 
volunteers. None developed hepatitis during a 4 month period of 
observation suggesting that the agent was not present in the feces 
3 weeks after the disappearance of icterus. 
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LYMPH NODES IN LEISHMANIASIS 
Repokt on 2 Cases 

By Lt. Col. D. M. Angevine, M.C., A.U.S. 

Capt. T. R. Hamilton, M.C., A.U.S. 

Capt. F. G. Wallace, Sn.C., A.U.S. 

AND 

Lt. Col. J. B. Hazard, M.C., A.U.S. 

FIRST MEDICAL GENERAL LABORATORY APO 519 , IJ. B. ARMY 

Descriptions of kala azar state that the lymph nodes are frequently 
involved and the study of smears from excised posterior cervical or 
inguinal lymph nodes has been advocated as a diagnostic procedure 
by Cochran in 1912.^ Kirk and SatF were able to demonstrate 
Leishman-Donovan bodies by lymph node aspiration, in 30 consecu- 
tive cases of leishmaniasis. In a series of autopsies on 31 clinically 
proven cases of kala-azar, Hu^ recovered parasites from the lymph 
nodes alone in 3 of the treated cases. No report has been found of 
patients with leishmaniasis presenting themselves with lymph node 
enlargement as the outstanding characteristic of the disease. In this 
connection a recent case of considerable interest is that reported by 
Lipscomb and Gibson® of a patient who developed visceral leishmani- 
asis in Malta. Tender epitrochlear cervical and inguinal Ijonph nodes 
were the only positive physical findings noted approximately 6 months 
before the diagnosis was established by sternal puncture, blood culture 
and lymph node biopsy. Smear and section of an inguinal node 
revealed numerous Leishmania. In reports of this disease in man 
little reference is made to the histopathologic picture of the lymph 
nodes; however, the microscopic picture in the lymph nodes of hamsters 
has been extensively described 

Two soldiers recently arrived from the Mediterranean area were 
admitted to different U. S. Army hospitals in England, because of 
lymph node enlargement. No satisfactory explanation for this enlarge- 
ment was found in either case, so that a cervical lymph node was 
removed from each patient and sent to this laboratory for histologic 
examination. Leishmania were demonstrated in the tissue from both, 
and the organism grown in culture from 1. Because of the diagnostic 
problem presented by the uncomplicated lymph node involvement and 
since we were able to obtain lymph nodes at intervals for detailed 
histologic study, these cases are reported. 

Case Reports. Case 1. A white male, air transport pilot, 22 years old, 
who had been in the service for 2 years, left the United States in May 1943, 
flew to Brazil, Dakar, and North Africa, was in Egj^pt for 1 week during 
Ari^gust and in Sicily from September 1943 to Januapr 1944. Native dogs 
entered the camp in Sicily. He arrived in England in February 1944, and 
entered a station hospital on March 7, stating that he had first noticed enlarge- 
of f'he cervical lymph nodes on left side while in Sicily. Since then there 
had been progressive enlargement of the anterior and posterior cervical lymph 
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axillary, inguinal and left epitrocWear noda<! 



Fig. 1. — Lymph node (Case 1). A, Largo mononuclear cells in areas of hyperplasia 
(X 800). B, Loose spongj' edematous framework in focal areas, a moderate number 
of lymphocytes and neutrophils are present (X 440). C, Parasites in l 3 Tnph nodes 
after the second biopsj'. Tissue was formalin fixed, stained n-ith Giemsa and rapidly 
decolorized (X 880). 

Physical examinalioh was negative except for the lymph node enlargement. 
The blood count was normal, the Kahn test and Widal reaction were negative, 
as were the heterophil antibody and Br. abortus agglutination reactions. Roent- 
genograms of chest and neck were negative. A certdcal Ijmph node removed 
on March 7 presented considerable acute inflammation with numerous Leish- 
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mania. The patient was transferred to a general hospital for further study_ on 
March 25. At that time the posterior cervicalj auricular and suboccipital 
lymph nodes were bean-sized or slightly larger, discrete and not tender. The 
epitrochlear nodes were palpable and the inguinals not remarkable. The 
spleen was not felt. 

Progress Notes. The patient was asymptomatic during his stay in hospital. 
The red blood count was 4,800,000, hemoglobin 96%, and white blood cells 
5000 (68% neutrophils). The total serum protein was 6.5 gm. % (albumin 
4.8 and globulin 1.7). A-.sternal puncture performed on March 27 was nega- 
tive for Leishmania, both on smear and culture. Aspiration of a posterior 
auricular lymph node was negative though the material obtained appeared to 
be mostly blood. Three days later a second posterior cervical lymph node 
was removed and smear, culture on NMN (Novy-MacNeal-Nicolle) medium, 
and histologic sections were all positive for Leishmania. Two hamsters were 
inoculated intraperitoneally with the culture. After 1 month, 1 was killed 
and Leishmania were found in the spleen and liver. 

Treatment consisted of 15 daily injections of 6 cc. of sodium antimony glu- 
conate to a total of 1800 mg. At the end of the course of treatment the 
patient was discharged with instructions for evaluation of therapy. A third 
lymph node was removed from the cervical region on May 26, and no Leish- 
mania were found in the histologic section. 

Pathologic Anatomy. The first lymph node removed was enlarged, measured 
1.5 X 1.7 X 1.7 cm., hemorrhagic about the periphery, rather homogenous and 
relatively firm. Microscopically, the structure of the node was partially intact 
and the lymph follicles somewhat indistinct, because of cellular infiltration. 
There was extensive, hyperplasia (Fig. 1 A) and in several areas near the 
periphery of the node, large monocytes were arranged in clusters around pink 
staining material. In such areas there were considerable numbers of Leish- 
mania. The parenchymal network of the node was mottled by numerous 
focal lighter staining, spongj", edematous and necrotic areas (Fig. 1 B). Most 
of the parasites were in mononuclear cells; however, in many areas the cells 
had apparently ruptured and organisms were extracellular. The second node 
presented a somewhat similar histologic picture with numerous organisms 
(Fig. 1 C) and several of the more cellular areas replaced by large pink staining 
monocytes or “epithelioid” cells arranged in focal sheets. The third lymph 
node was of normal size with a slightly thickened capsule, and moderate 
hyperplasia with an occasional giant cell. A few granular bodies, but no 
parasites, were observed in the sections. 

Case 2. Patient was a young adult male, admitted to hospital on Feb. 23, 
1944. About 6 months previously, while in Sicily, the patient scraped the 
dorsum of his left hand against a wall, causing 2 abrasions. One healed 
promptly whereas the other became infected and did not heal for several 
weeks. Approximately 1 week after injury, a “sore” developed on the dor- 
sum of the left wrist, which increased in size and resembled a carbuncle. 
Small amounts of pus escaped and the entire wrist was swollen, red streaks 
extended up the arm and tender nodules appeared in the left axilla. The 
abscess was incised and a considerable amount of pus evacuated. The red 
streaks and tender lymph nodes subsided, but the lesion did not heal and 
gradually ulcerated. The ulcer measured about 3.5 cm. across and healed 
after about 1 month. During this time, a smaller lesion that resemb|ed a 
pimple developed on the left forearm. This also broke dorni, but healed 
within a short period. While in transit from North Africa in October 1943, 
he had a 3-day period of fever without chills. After a short time another 
lesion appeared on the posterior aspect of the right thigh, and a small tender 
ropy swelling was noted in the left groin, w'hich gradually disappeared. Ap- 
proximately 2 months before admission w'hile sha^^ng, the patient noticed 
a small lump behind the angle of the jaw on the right, side. Other similar 
nodules appeared behind the left ear, and on the back of the neck. There 
had been no sj-^stemic sjTnptoras, other than moderate anorexia and vomiting 
after meals on 2 occasions. The only significant findings were enlargement of 
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the posterior cerAocal Jympli nodes and 1 large node at the angle of the I'aw 

inguinal region. Tlie liver and spleen were not palpable. A larce healed 
scar was present over tlie donsum of the left wrist. The red blood count was 



Fig. 2.— Ljmph node (Case 2). A, Tubercle-like reaction in the perilymphatic tissues 
of the first bmph node removed (X 100). B, Cluster of parasites in loose stroma of 
the node (X 2000). C, Epithelioid cells replacing focal areas that prewously contained 
organisms. No parasites were seen or cultured from Ij'mph nodes with this histologic 
picture (X 50). 

4,600,000, hemoglobin 90%, white blood cells 6500, vdth a normal differential. 
TTie Wassermann reaction and test for heterophil antibodies were negative. 
The patient was discharged from hospital on May 12, after receiving 6 cc. of 
sodium antimony gluconate tvdce daily for 7 days. One week after treatment, 
there were no palpable tymph nodes. 
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Pathologic Anatomy. A lymph node removed from back of the neck about 
March 7, 1944, presented a granulomatous appearance with considerable fibrosis. 
In the perilymphatic tissues several multinucleated giant cells were observed in 
circumscribed areas of inflammation, resembling tubercles (Fig. 2 A). A few 
questionable Leishmania were seen in sections stained with H & E. In Giemsa 
stained tissues the structure of the parasites was accentuated (Fig. 2 B) so 
that a diagnosis of leishmaniasis was made. A second cervical lymph node 
was removed in April 1944. No organisms were seen on smear, and cultures 
on NMN medium were negative. Approximately half of the lymphoid tissue 
was replaced by homogenous sheets of pink staining epithelioid cells (Fig. 2 C). 
No organisms were demonstrated. 

Comment. Although it is difficult to determine the exact date of 
onset of the disease in these cases, it is probable that both patients 
contracted it in Sicily or North Africa during the latter part of 1943. 
Both sought medical care at approximately the same time and the 
initial biopsy was performed on each case in March. The second 
lymph nodes w'ere removed about 1 month later and in Case 1 a 
third node was removed 1 month after treatment began. In Case 2 
the possibility of cutaneous leishmaniasis cannot be entirely excluded; 
however the historj^ strongly suggests a pyogenic infection. The 
anatomic location of the involved lymph nodes does not indicate any 
relationship wdth the cutaneous infection on the hand. Sternal punc- 
ture W'as not done to determine whether there was generalized dis- 
semination of the organisms, because the clinical picture did not 
indicate visceral leishmaniasis. 

Pathologic Anatomy. During the preparation and examination of 
these tissues, several points of interest became evident. On routine 
examination wdth hematoxjdin and eosin stain, these bodies may be 
easily overlooked unless one suspects their presence. In a section 
through an entire node there may be no organisms, whereas in other 
sections from the same paraffin block, they occur in large numbers. 
The necessity for cutting numerous sections is obvious. The appar- 
ently larger number and size of the parasites at the periphery of the 
node suggests that when fixation does not reach the organisms quickly 
they degenerate. This indicates the advisability of bisecting the node 
and preparing smears before the tissue is placed in fixative. Highly 
satisfactory preparations were obtained with Giemsa stain on formalin 
fixed tissues. Differentiation was short and sections carefully decolor- 
ized in resinous alcohol. The organisms appear as dark purplish blue 
bodies in sharp contrast to the pale gray of the phagocytic cells. If 
one wishes to accentuate the organisms as an aid in their detection, 
this can be accomplished by quick differentiation, sacrificing, of course, 
the cytology of the section (Fig. 1 C). 

It is not possible ivith only 2 cases to reconstruct accurately the 
pathogenesis of the disease as it occurs in Ijonph nodes. Nevertheless 
certain similar features in both cases were observed, that seem w'orth 
considering in some detail. No sections of hunph nodes were available 
early in the disease, and the first biopsies were obtained presumably’- 
several months after the onset. At this time there is moderate fibrosis 
of the capsule, and the cortical Ijmiph sinuses are filled with mono- 
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nuclear cells and lyinpliocytes. Although the lymph follicles are dis- 
cernible they are relatively indistinct and there is considerable hyper- 
plasia in the center of the follicles as well as of the reticular network 
of the node (Fig. I A). Throughout the pulp there are focal areas of 
decreased cellularity, which represent a spongy edematous stroma 
(Fig. 1 B) in which arc scattered histiocytes. Leishmania are found 
most frequently in such sites, both intra- and extracellularly, in some- 
what greater numbers near the periphery of the Ijunph node. In such 
areas there is a tendency to form multinucleated giant cells, in which 
organisms are fairly numerous. In one section the capsule of the node 
has apparently infiltrated and a granulomatous lesion with giant cells 
was observed in the perilymphatic tissue (Fig. 2 A). From the lymph 
nodes removed later, it appears that the spongj-^ focal areas which 
contained organisms were infiltrated with and replaced by fairly com- 
pact sheets of pink staining epithelioid cells (Fig 2 0). Of the 2 in- 
stances where this extensive epithelioid reaction occurred, we were 
unable to detect organisms either by smear, cultures or histologic 
sections of the nodes. 

Summary. Two cases of leishmaniasis are described in which the 
primary and most important s.>Tnptom was enlargement of the cervical 
lymph nodes. Biopsy of lymph nodes made at intervals indicate cer- 
tain features that should prove helpful in establishing the diagnosis, 
and separating this group of cases from other chronic granulomatous 
lesions of Ijunph nodes. 
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MITE OR SCRUB TYPHUS 
A Clinical and Laboratory Study of 64 Cases 

By Ma.t. Thomas E. Machella 

AND 

Lt. Col. James S. Forrester 

U. S. AHMY MEDICAI. COBPS IN INMA 

The purpose of this report is to present clinical and laboratory data 
on a disease encountered in this area ivhich appears to be clinically 
and serologically identical with tsutsugamushi (Japanese river fever) 
also called mite or “scrub” typhus. Data are presented on 40 Chinese 
and 24 American soldiers who were admitted to this hospital during 
October, November and December of 1943 and January, 19^- 

The presence of tsutsugamushi in Blalaya was established by Dow- 
den^ in 1915. This was a typhus-like disease which differed from 
murine and louse-borne typhus chiefly in being transmitted by a mite 
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and in the Weil-Felix reaction which gave a high agglutination titer 
against proteus OXK and a negligible agglutination with 0X2 and 
0X19. The clinical features of this disease included an abrupt onset, high 
fever, presence of a primary eschar, a maculo-papular rash occurring on 
the trunk, arms and legs, regional adenopathy in the area draining 
the site of the initial lesion, as well as generalized lymphadenopathy. 
The febrile illness usually lasted about 2 weeks and was followed by a 
lengthy convalescence marked chiefly by severe physical exhaustion. 
The disease was caused by a species of rickettsia. Subsequently a 
similar clinical picture, with the exception of the absence of a primarj’^ 
lesion, was described by Fletcher and Lesslar.^ This was called rural 
typhus of Malaya and was thought to be different from tsutsugamushi 
because of the absence of a primary ulcer. As a result of extensive 
work by Lewthwaite® and his associates, it was shown that tsutsuga- 
mushi and rural typhus of Malaya were similar clinically, serologically 
and pathologically and that they had a common etiologic agent, 
namely Rickettsia orientalis. In this paper the disease will be referred 
to as mite typhus, the term “scrub” typhus being reserved for those 
cases of typhus-like disease in which the vector is not reasonably clear.^'® 
Recently, data obtained from autopsies on soldiers who served in the 
Buna-Gona campaign have been reported by Capt. Austin J. Corbett.^ 

Procedure. The 40 Chinese patients on whom careful and detailed clinical 
and laboratory observations were made, were admitted or transferred to a 
ward set aside for the study of this disease. Determinations of temperature, 
pulse and respiratory rate were made at 4-hour intervals. Daily blodd pressure 
determinations were made. Weil-Felix reactions were run bi-weekly through- 
out the period of hospitalization which in most instances lasted 60 to 120 days. 
Determinations of blood urea nitrogen were made at bi-weekly intervals during 
the course of the fever. Complete blood counts (excluding erythrocytes) and 
urinalyses were made at weekly intervals. Each patient had a chest Roent- 
gen ray on admission and also when a progress film was indicated. The films 
were interpreted by Lt. Col. P. J, Hodes. A weekly eye-ground examination 
was made by Capt. Harold G. Scheie. Physical examinations were made daily, 
concentrating especially on the appearance and distribution of rash, size of 
spleen and lymph nodes as well as other features pertinent to the particular 
case. Complete physical examinations were hiade and recorded every 3rd day 
during the early course of the disease and weekly during convalescence. Each 
of the Chinese had a lymph node removed for culture and microscopic study. 
The primary ulcer as well as portions of the skin from the site of the rash 
were excised in 15 cases. The results of the microscopic studies will be reported 
separately. In the preparation of some of the tables the duration of fever was 
used as the basis of comparison with other manifestations, but the duration of 
fever should not be considered an index of the severity of the illness. Reference 
to particular cases in the table will be made by numbers; Chinese 1 to 40; 
American 41 to 64. 

Results. 1. Incubation Period. The exact incubation period in 
the majority of instances could not be determined -with certainty. 
The primary lesions wmre painless and as the troops frequently did 
not have an opportunity to examine their naked bodies, the time of 
development of the primary lesions could not be ascertained. All of 
the patients admitted having been in the jungle during the several 
weeks prior to the onset of the illness. In one American patient, in 
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whom the exact and only day of exposure to jungle vegetation was 
definitely known, the abrupt onset of his illness occm-red 11 daj's later. 
The primary lesion on his arm was first noted 7 days after returning 
from the jungle. 


Table I. — Location or Pkimary Lesions 


No. of 

Site cases 

Anterior neck midlinc 1 

lAift Bide of neck, anterior 2 

Suprasternal notch 1 

Intcrscapular region I 

Axilla (right 7, left C) 13 

Right mainmarj' area 1 

Costal margin, anterior (right 2, loft ... 7 

Costal margin, posterior (right 2 left .7) ... 7 

Anleciihital space (right) 1 

Ix;ft wri.st 1 

Epigastrium 1 

lA-ft hypochondrium 2 

Inguinal (right 1, left I) 2 

Left leg posterior I 

Right ankle 2 



Fig. 1. — Primary ulcer on arm. Note black eschar. 


2. Prulvry Ulcer. A typical primary ulcer was present m 43 out 
of 64 cases, an incidence of 67%. The most frequent sites of the ulcers 
were tlie upper trunk, particularly the axillm and chest 
and posteriorly (Table 1). The initial lesion began as a red painless 
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macule which in a few days became papular. A small excoriation then 
appeared on the dome of the papule which soon became deeper and 



Fig. 2. — Primary ulcer on posterior aspect of left thigh. 



Fig. 3.— Primary ulcer on scrotum -with eschar lacking. 
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filled with a black eschar. (Figs. 1, 2 and 3.) Removal of the eschar 
left a punched-out ulcer. The typical lesion was about 5 to 7 mm. in 
diameter and 1 to 2 mm. deep. The average time of complete disap- 
pearance of the ulcer was on the 29th day of the disease (16 to 40 days) 

3. Onset Sa-aiptoms. The onset was abrupt, with chills or chilliness, 
fever and headache being the most frequent symptoms. These were 
associated with malaise, generalized aching and marked anorexia and 
apathy. There was usually more tlian one chill, they occurred during 
tlie first 3 days and were not periodic or very severe. Cough was a 
prominent accompanying onset symptom in the Chinese and was 
frequently associated with the physical signs of bronchitis or broncho- 
pneumonia. The head and backache were mild and in only one instance 
was the headache of the severity which often occurs in typhoid fever 
or in epidemic typhus. 

Epistaxis and photopliobia were occasional onset symptoms. Gas- 
tro-intestinal symptoms, aside from almost universal anorexia, were 
not striking: vomiting occurred in only 5 of the cases; in 3 of the 
Chinese, emesis ceased after roundworms were vomited. jMild diar- 
rhea was present in 15% at the onset (Table 2). 


Taj)i.e 2.— Onset Symptoms 

Chinese nnd 



Chinese, 

American 

American 

Symptom 

(%) 

(%) 

(%) 

Chill 

... 70 

05 

08 

Fever 

... 94 

87 

90 

CoukIi .... 

. . . .51 

21 

40 

Ilcndaclic 

... 73 

82 

70 

Backache .... 

... 24 

20 

25 

Vomititic .... 

... 8 

8 

8 

Dinrriica .... 

... 10 

21 

IS 

Epistnvis .... 

... 10 

4 

8 

I’liotopiioliia . 

2 

9 

8 

Aiiorc.\ia .... 

; ! ; 9.3 

85 

88 


4. General Appearance of Patients. The most striking feature 
of the patient’s general appearance was marked apathy. He felt sick 
and he appeared sick. He preferred to be undisturbed. He did not 
have the listless eye of the typhoid patient, ratlier the eyes were bright 
and alert like the “ferret-eye” of murine or epidemic tjq)hus. This 
appearance differed from malaria in that tlie patient was sick all the 
time, not only during the paroxysms. His skin was often dry, ichthy- 
otic and, in the more dehydrated cases, inelastic. He looked and felt 
weak, and was content to lie completely isolated from his environment 
and, unless urged, would disdain nourishment. Herpes simplex was 
noted only once. 


Table 


Duration of fever 
(days) 

10-15 . . 

I 0-20 . . 

21-25 . . 

20-30 . . 

31-35 . . 

30-40 . . 


3.— Duration of Fbvbb in 61 Cases 

No. of cases 


Chinese 

G 

19 

10 

2 

0 

1 


American 

II 

10 

1 

1 

0 

0 


Total 

17 

29 

II 

3 

0 

1 


5. Fever. The average duration of fever in 61 cases was 17.4 days, 
with the extremes 11 and 36 days. The average duration of fever m 
the Chinese patients was 18.3 days (11 to 36 days), in the Americans, 
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16 days (10 to 26 days); 47% of the patients had a fever which lasted 

16 to 20 days (Table 3). _ -t- j j 

The type of temperature curve which the patient manifested de- 
pended on the day of the disease on which he was admitted to the 
hospital. The curve as seen in patients who were admitted during 
the first few days of the disease or in those who first developed fever 
while in the hospital was either typhoidah relapsing, remittent or 
intermittent. During the onset of the fever the temperature would 
rise gradually or abruptly (Charts 1 and 2) to a level of about 103° F. 
and either remain elevated (Chart 3) or fluctuate in a remittent or 
intermittent manner (Charts 2 and 4) for the next several days. Ter- 
mination of fever occurred usually by cessation of the fluctuations but 
in some instances, particularly in the typhoidal type of curves, the 
course would terminate by lysis over a period of 3 to 6 days (Chart 5) . 
A relapsing type of fever curve was also not infrequently seen. (Charts 
4 and 6.) 
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Chart 1, — Gradual onset of fever. Case 9. 
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Chart 2. — Sudden onset of fever. Case 22. 


The average temperature reading during the early course of the 
febrile period was 103° F.; on occasion, oral temperatures as high as 
105° F. were recorded. 

6. Pulse Rate. The average pulse rate in both the Chinese and 
American patients dming the 1st week of the disease was elevated 
and averaged 102 per minute (80 to 120). This, according to Crozier- 
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Griffith* chart of temperature and pulse relationship, would indicate a 
relative bradycardia. During the 2nd and 3rd weeks of the disease 
the pulse rate was frequently more rapid, averaging 120 (110 to 140) 
per minute at the peaks of the temperature rises. Though no abnor- 
malities in pulse rhythm were noted, irregularities in the pulse rate 
were frequent and striking. Rates varying from 110 to 140 per minute 
during a § hour interval were noted on numerous occasions in several 
patients during the latter part of the febrile period. 
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Chaet 5. — Typhoidal type of fever curve with termination of fever by lysis. 


Case 49. 
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Chart 6. — Relapsing type of fever curve. Case 6. 


7. Buoon Pressure. In only 2 of 40 Chinese patients was the 
blood pressure normal from the onset of the disease throughout con- 
valescence. In the others the blood pressure was low during the course 
of the febrile period and then gradually came up to normal during the 
period of convalescence. The fall in blood pressure applied to both 
systolic and diastolic levels, and when the return to normal occurred 
during convalescence there was no constancy in which returned first. 
The lowest point in the blood pressure ciuve was always reached at 
about the end of the 1st week of the disease (Charts 3 and 4). The 
average blood pressure reading on 35 cases early in the disease was 
85/57 mm. Hg (100 to 70 systolic and 65 to 45 diastolic). ^^Tien blood 
pressure finally returned to the level which seemed normal for the 
particular individual the average blood pressure reading was 120/77 
(100 to 155 systolic and 70 to 100 diastolic). Return to normal 
occurred on the 31st day (21 to 49 days). Thus the blood pressure 
returned to normal after the fever subsided. Three cases of mild 
hypertension were observed in the series. One of these had an average 
blood pressure reading of 95/65 mm. Hg during the height of the dis- 
ease; this gradually rose to an average of 140/95 during convalescence 
(Chart 4). 

8. Rash and Cuttaneous IManifestations. A typical rash (Fig. 4) 
or the remains of it was noted in 33 of 64 cases (51.5%). The inci- 

♦ Croiier-Grifiith temperature-pulse relationBlups; a pulse rate of 70 per minute for 
a temperature of 98.3®. An increase of 10 beats per minute for each rise of 1° F. in 
temperature. 
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dence of rash among the Chinese was 50% as compared to 54,1 for the 
Americans. The typical rash appeared early Tn the course of the 
disease, usually between the 3rd and 6th days and lasted 3 to 5 days. 
In most instances the rash was maculo-papular'when it first appeared, 
less frequently it was macular. In no instance was the rash hemor- 
rhagic or petechial in character nor did it give rise to any subjective 
discomfort. As the rash subsided the residue consisted of a faint 
mottling which took as long as a week to disappear. In full-blown 
cases the rash involved the face, trunk and extremities. No case of 



Fig. 4. — Maculo-papulnr rash on trunk. 


involvement of the palms or soles was seen. ■ In some cases ^e rash 
was limited to the anterior and posterior chest, abdomen and upper 
arms. In a few cases, only the dorsum of tlie chest was involved. 

9. Splenomegaly. The spleen was palpable during the 1st week or 
the disease or on admission to the hospital in 88% of 40 Cliiriese. In 
13% of the cases with splenomegaly, tenderness of the spleen was 
demonstrated on palpation. This tenderness disappeared on the 10th 
to 14th days of the disease, even though the spleen remained palpable 
for a longer time. The average day of the disease on which the 
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spleen was no longer palpable was the 28th (12 to 53 days). In 
3 instances there was a recurrence of the splenomegaly; in 1 of these, 
an apparent relapse of the disease occurred (Chart 4). In the other 
2 cases the spleen again became palpable when a relapse of tertian 
malaria occurred. 

10. Lymphadenopathy. Regional Ijrmphadenopathy was demon- 
strable in all but 4 of those patients in whom a primary eschar was 
present. In these exceptions the ulcer was located along the cpstal 
margins. Two Chinese patients presented enlargement and tenderness 
of inguinal nodes out of proportion to the enlargement of nodes else- 
where in the periphery; in neither of these cases was a primary lesion 
present. The inguinal adenopathy in the 2nd of these 2 cases oc- 
curred during an apparent relapse in the disease and was associated 
with a rise in temperature (Chart 4) and a reeurrence of splenomegaly. 
One had to look with great care for enlargement of nodes in regions 
draining the site of the ulcers. In 4 instances they were found in 
unusual sites; the retro-sacral region, in the groove just internal to 
the head of the humerus, and on the lateral chest wall in the upper 
outer quadrant of the mammary area. 

Generalized peripheral lymphadenopathy was demonstrated in 60 
of 64 patients (93.7 %) . This lymphadenopathy developed early in the 
disease and was present in all cases during the 1st week of the disease 
at the time when regional adenopathy was also present. The general 
lymphadenopathy persisted for a longer time than did the regional. 
In 24 of tlie Chinese patients, no significant decrease in size of the 
nodes could be appreciated during the 2 to 4 months period of observa- 
tion. In 16 of the cases the nodes appeared to decrease in size gradu- 
ally during a period extending from the 40th to the 80th day of the 
disease, but in none of these did they, become non-palpable. 

11. Conjunctival Injection. An injection of the conjunctival 
blood-vessels was observed, on admission, in 34 of 64 cases (53%), the 
incidence in both the Chinese and Americans was the same. The 
injection of the conjunctival vessels disappeared during the 2nd, 3rd 
or 4th week of the disease; most of them at the end of the 2nd or 
beginning of the 3rd week. In 2 of the Chinese patients, inflammation 
of a purulent type was present and Koch-Weeks bacilli were obtained 
on culture. Two others developed a corneal ulcer on the 12th day of 
the disease. 

12. Changes in the Eye-grounds. Rather characteristic changes 
in tlie eye-grounds were found in 30 of the 40 Chinese (75%) and in 
14 of the 34 Americans (58%). These changes consisted of marked 
distention of tlie retinal veins, blurring of the disk margins, edema of 
tlie optic disks and retinte, hemorrhages and the development of 
vitreous opacities. The engorgement of the retinal veins was almost 
a universal finding during the end of the 1st week or the beginning of 
the 2nd week of the disease. The veins were markedly engorged in 
the extreme cases, had irregular sausage dilatation and appeared com- 
pres§ 9 d at tlie arteriovenous crossings. Subsequently edema of the 
difek lind surrounding retina developed in 18 of the 40 Chinese. This 
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edema varied in amount from less than 1 to 2 diopters. The edema was 
fairly difluse usually, but occasionally was confined to the disk and 
was indistinguishable from a true papilledema such as is seen when' 
intracranial pressure is increased. The cerebrospinal fluid pressure 
was normal in all except 1 of the patients with edema of the disks. 
That the swelling was not due to an optic neuritis was evidenced by 
the fact that visual acuity and visual fields were normal. 

Four of the 18 patients avIio had edema of the disks developed retinal 
hemorrhages which were predominantly striate, but deep punctate 
hemorrhages were also seen along the general distribution of the veins. 

“Cotton wool” exudates developed in 2 of the 18 patients w^ho had 
edema of the disks. Fine vitreous opacities were seen in 7 out of the 
40 patients, of wliich 3 liad only venous engorgement as the other 
ocular change, while the remaining 4 had edema of tlie disks and 
retinre. The appearance of edema of disks, retinal hemorrhages, “ cot- 
ton w'ool ” exudates and vitreous opacifies occurred as early as the end 
of the 2nd week of the disease. They persisted long into convalescence 
and were among the last of the abnormal findings to disappear. A 
detailed report of the changes in the eye-grounds will be submitted by 
Capt. Harold G. Scheie. 

13. Pulmonary Findings. Cough was a prominent symptom in 
51 % of the Chinese cases at the onset of the disease. Roentgen exam- 
ination of the chest revealed the presence of pathologic changes in 24 
of them. These consisted in the appearance of bronchitis witli or 
without bronchopneumonia, bronchopneumonia, or enlargement of the 
hilar Ijraph nodes (Table 4). One patient had pleurisy complicating 
the pneumonic process. Pulmonary complications, occurring late in 
the disease, included pleural effusion (1 case), empyema (1 case), and 
lung abscess (1 case). These occurred in patients who had broncho- 
pneumonia early in their course. The average duration of the febrile 
course in those patients who had acute pulmonary involvement was 2 to 
4 days longer than in those who had no such complication (Table 4). 
One could not be certain whether the findings in the lungs which 
occurred early represented a complication or a part of tlie disease 
itself. The clinical and Roentgen evidence of bronchopneumonia and 
bronchitis disappeared during convalescence. 


Table 4.— Pulmonary Findings in Chinese Patients Present on Admission 


Pu!mon»o' lesion 

None 

Enlarsement of hilar nodes 

Bronchitis 

Bronchopneumonia . . . • , . 

Broncliitis and bronchopneumonia 


No. of 
cases 
JG 
2 
9 
9 
4 


Duration of 
fever (daj's) 
(average) 
18 
18 
20 
20 
22 


14. Mental and Nervous System Manifestations. _ S;^ptoms 
referable to the mental and nervous system developed in 7 of the 
40 Chinese cases and in 2 of the 24 American patients. These con- 
sisted of temporary psychosis, characterized by acute mania (1 case), 
disorientation and confusion (2 cases) ; coarse jerky movements of the 
eye-balls (1 case), purposeless twitchings of muscle groups of the 
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extremities (4 cases), paresthesias of hands and arms (1 case); gener- 
alized convulsions (2 cases); and meningismus (1 case). In all of 
these patients except 1, the spinal fluid cytology, serology and protein 
content were normal. The spinal fluid pressures were normal in all 
except 3 cases; in the 2 patients who had generalized convulsions Aey 
were low or zero. In the 3rd patient (Case 42) the spinal fluid pres- 
sures determined on the 14th and 17th days of the disease were elevated 
at 230 and 260 mm. of water and there was an increased number of 
cells (lymphocytes) as well as a trace of globulin present. There was 
no relationship between the presence or absence of azotemia and the 
presence of muscular twitchings, though the 2 patients who had gen- 
eralized convulsions had the greatest degree of nitrogen retention. 
Except in 1 instance the nervous system manifestations all occurred 
after the 1st week of the disease, usually during the 2nd or 3rd week 
(Table 5). In the exception, a patient (Case 58) who developed a 
temporary psychosis, the mental symptoms occurred after the fever 
had subsided. 


Table 5. — Mental and Nebvoub System Manifestations 





Day of 










disease 

Duration 

Spinal fluid 

Azotemia 


Duration 


disturb- 

of dis- 


— 

S 




Case 

of fever 

Mental or nervous • 

ance 

turbance 

Pressure 




Day of 

No. 

(days) 

manifestation 

noted 

(days) 

in H,0 

Cells 

Globulin 

Degree 

dilease 

36 

18 

Acute mania 

7 

1 

140 

0 

0 

0 


58 

18 

Disorientation, confusion, baU 

25 

25 


, . 

, , 

0 




lucinations, muscular 










twitching 








16 

20 

Twitching of muscles of hands 

10 

3 

, , 

. . 

. , 

0 




and arms 








13 

26 

Coarse jerky movements of 

22 

10 

140 

0 

0 

Plusl 

14-17 



eyes 








7 

36 

Generalized rhythnuc muscu- 

14 

11 

135 

0 

0 





lar twitchings 



200 

0 

0 

PIusl 

16 

3 

19 

Convulsion generalized; dis- 

16 

18 

40 

0 

0 

Plus 3 

16-24 



orientation, confusion, semi- 

19 

^ , 

• 0 

0 

0 





stupor 








8 

Died 

4 generalized convulsions, stu- 

16 

Diedt 

0 

0 

0 

Plus 4 

11-16 


on 16 

por 








2 

18 

Paresthesias and weakness of 

14 

7 


.. 


0 




hands and arms 








42 

17 

Meningismus, muscular 

14 

11 

230 

GO 

Trace 

0 




twitchings 



260 

26* 

Trace 




• 97% lymphocytes, 
t Died 4 hours after first eoniiilslon. 


15. Hepatomegaly. Hepatomegaly was not a common finding in 
this series of patients. Significant enlargement of the liver was found 
only in 2 American and in 1 Chinese patient. This finding was present 
on . admission and disappeared during convalescence. 

16. Jaundice. Mild jaundice was detected in 4 of the 40 Chinese 
patients, not any in the Americans. This occurred late in the febrile 
period or early in convalescence and persisted for 9 to 22 days. The 
direct Van den Bergh reaction in these cases was delayed, while the 
indirect or quantitative reaction revealed serum bilirubin values rang- 
ing from 0.3 to 1.3 mg. per 100 cc. (Table 6.) 

17 . Deafness. Deafness was complained of by 11 of the 40 Chinese 
patients at some time during the course of the disease. In 8 of these, 
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definite evidence of middle ear disease, sufficient to account for the 
impairment of hearing was found bj' Capt. Phillip A. Harden. In 
the remaining 3, the deafness was thought to be due to-neural involve- 
ment. It was bilateral and was first complained of during the 3rd 
week of the disease, lasted for about 2 weeks and then disappeared. 
Two of these 3 patients had received quinine during the early course 
of the disease, lienee some justifiable doubt may exist as to the exact 
cause of the deafness. 

Table 6. — Jaundice 


pay of 

disease Van den BcrRh reaction 

on ndiich 


Case 

Duration 

icterus 


Indirect in 


Duration 


of fevrr 

was first 

Direct 

mg./lOO cc. 

Day of 
disease 

of icterus 


No. 

(days) 

detected 

reaction 

serum 

(days) 

Anemia 

.3 . 

. . 10 

2-1 

Delayed 

1.3 

IG 

18 

Slight 




Delayed 

0.5 

33 




Delayed 

0.2 

41 



7 

. . 30 

19 

Delayed 

0.4 

21 

22 

None 




Delayed 

0.4 

32 



10 . 



Delayed 

0.2 

41 



. . 21 

17 

Delayed 

0.4 

18 

10 

Slight 

28 . 



Delayed 

0.1 

27 



. . 17 

10 

Delayed 

0.3 

20 

18 

None 


18. Stomatitis. Three of the 40 Chinese patients had a severe 
ulcerative stomatitis on admission, all of these were very seriously ill 
and 2. of them were semistuporous when admitted. One of the Ameri- 
can patients (Case 42), who was semistuporous, developed a glossitis 
which disappeared during convalescence while vitamin concentrates 
were administered. Parotitis developed in 1 American patient 
(Case 49). 

19. Cardiac Findings. The findings on auscultation of tlie heart 
in the 40 Chinese were not significant e.xcept for the presence of soft 
systolic basal mmanurs, which were heard in 26 cases during the height 
of the illness. These disappeared during convalescence in all except 2. 
Electrocardiograms on 9 of the 40 patients revealed essentiallj^ normal 
tracings with the e.\'ception of evidence of left a.vis deviation in 2 
(Table 7). These 2 patients also had evidence of increased heart size 
clinically and by Roentgen examination. 


Table 7. — Electbocabdiogbai’hic Findings 


Case 

Duration 
of fever 

Day of 
disease on 
which EKG 

No. 

(days) 

taken 

2 

. 18 

27 

3 

. 10 

10 

5 

. 24 

15 

7 

. 30 

15 

8 

Died on 

11 

10 

10 day 
. 10 

0 

12 

. 24 

4 

14 

. 14 

8 

33 

. 23 

20 

42 

. 17 

(See Table 9) 

46 

. 10 

11, 29, 43 

G1 

. 13 

38 


Electrocardiogram 

interpretation 

Normal 

Left axis deviation 
Normal 
Normal 
Normal 

Normal 

Normal 

Normal 

Left axis deviation 
Myocardial damage 
Normal 
Normal 


In 2 of the American patients, basal systolic murmurs were heard. 
Another patient developed a transient pericardial friction rub on the 
28tli day of the disease, 19 days after fever had subsided; his blood-urea 
nitrogen at this time was normal though it had been elevated slightly 
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during the fever. Electrocardiograms in 3 of this group of patients 
•were made (Table 7). They were normal in 2, including the patient 
with the pericardial friction rub. In the 3rd patient findings sugges- 
tive of myocardial damage were obtained. This patient also had a 
gallop rhythm, and had evidence of partial heart block (Table 8). 

Table 8. — Electrocardiographic Findings in. Case 42, Duration of Fever 


Day of 

Rate 

P-R interval 


17 Days 

QRS 


disease 

per min. 

(sec.) 

Rhythm 

P waves 

complexes 

T waves 

14 

150 

0.16 

Sinus 

Inverted 
in TjS 

Normal 

Deeply notched in chest leads; 
rounded ST segments 

17 

140 

0.13 

Normal 

Probably 

normal 

Normal 

Abnormal ST segment; flattening of 
T waves; notching in chest leads 

29 

90 

0.28 

Normal 

Notched 

Normal 

Low and notched T-1 and Ter 3, 4, 5 

44 

95 

0.17-0.19 

Normal 

Inverted 

inL-S 

Normal 

Normal; T-3 inverted; slight eleva- 
tion: ST segment CR-3 

83 

100 

0.17 

Normal 

Normal 

P-3 in- 
verted 

Normal 

Normal; T-3 inverted 


20. Relapse. Although some of the patients’ temperature curves 
were of a relapsing type, only 1 patient in the series who had such a 
febrile curve also developed other evidences of a relapse. He was a 
Chinese with no primary eschar and was admitted on the 3rd day of 
his disease (Case 12). His fever curve was of the remittent type 
(Chart 4). The temperature fluctuations became less high, and on 
the 12th day his temperature had become almost normal. During 
this time his previously enlarged spleen gradually became smaller. 
On the 13th day the temperature again began rising though still 
remittent. The spleen again became large and also tender, and huge 
tender lymph nodes appeared in both inguinal regions. His tempera- 
tmre finally became normal on the 24tli day of the disease. This 
patient’s OXK titer did not become positive until the 21st day of the 
disease. 

21. Weiu-Felix Reaction (OXK). In 62% of the Chinese cases 
the Weil-Felix reaction first became positive at the end of the 2nd week 
of the disease, this being the time at which the temperature became 
normal in the average case. In the remainder of the patients the 
reaction became positive either at the end of the 1st week or after the 
beginning of the 3rd week (Table 9). 


Table 9. — Time at Which Weil-Felix Reaction Became Posittve 

(Proteus OXK) 


End of week 
No. 


No. of cases 


(%) 


1 8.1 

2 62.2 

3 10.8 

4 10.8 

5 2.7 

6 5.4 


'The highest titer at which agglutination occurred varied in different 
patients from 1/25 to 1/6400 (the most frequent titer was 1/200) 
(Table 10). The highest titer in most instances was obtained about 
2 weeks after cessation of fever. The average day of the disease on 
which the titer became negative was the 68th (42nd to 122nd) in 
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25 cases. In 11 others the reaction was still positive at the time of 
discharge on the 42, -47, 49, 70, 71, 85, 92, 98 and 100th day respec- 
ively (Table 10). Variation in titer in any one patient occurred 
from time to time, and smooth curves were not obtained (Charts 7, 8 
and 9). This was probably due to the fact that the samples of blood 



Chaiit 7. — High titer Woil-Felix reaction (protons OXK) in a patient who 
had fovcr for 23 days. Case 30. 



DAY OF DISEASE 


MUSEUM B MED AATS SCnVICC 


Chabt S.-Moderately high titer Weil-Felix reaction (proteus OXK) in a patient who 
had fever for 12 days. Case 21. 
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on any one patient were tested on different days and with different 
lots of antigen. 



Chart 9. — Low titer Weil-Felix reaction (proteus OXK) in a patient who had fever 
for 22 days, a typical initial lesion, a typical rash, splenomegaly, regional and generalized 
lymphadenopathy and eye-ground changes. Case 31. 

No significant correlation could be found between the clinical sever- 
ity of the disease and the presence or absence of high titer in any 
single patient. The number of low, medium and high titer values was 
distributed about evenly in the group of patients in whom the fever 
lasted more than 18 days as compared to the group in which the course 
was shorter. However, the day of the disease on which the first 
positive titer was reached was on the average 7 days later in the 
group which had the more prolonged course of fever. The coincident 
existence of, pneumonia did not appear to influence the titer. There was 
no significant difference between the length of time the titer remained 
positive in the group in whom the fever lasted more than 19 days as 
compared to the group in whom the fever lasted less (Table 10). 

One factor which seemed to hold true in general was that tliose 
Chinese patients who had primary lesions had higher proteus OXK 
agglutination titers than the group without ulcers. In the former 
group, 15 of 24 patients had titers positive in a dilution greater than 
1/200, while in the latter group only 1 patient had a titer in this range 
(Table 10). 

The fact that the Americans had all been inoculated against ordinary 
typhus did not appear to influence eitlier the dilution at which aggluti- 
nation against proteus OXK occm-red or the clinical severity of the 
disease. 

22. Peripheral Blood Picture. In the Chinese patients there was 
a moderate leukopenia during the 1st week of the disease, the average 
leukocyte count being 5500 per c.mm. in those patients who had no 
respiratory disease demonstrable. The mean neutrophilic percentage 
was 53, the lymphocytic 39, monocytic 7 and the eosinophilic 1 (Table 
11). The leukopenia persisted until the end of the 4th week and then 
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gradually disappeared. The percentage of neutrophils gradually de- 
creased as tlie lymphocytes increased, the latter reaching a maximum 
height at the end of the 3rd week. The percentage of monocytes 
remained practically at the same level throughout the period of 
observation. An interesting shift in the differential occurred after 
the 4th week of the disease (Chart 10), This was a rise in the per- 
centage of eosinophils. The level rose from 1 % during the febrile part 
of the disease to a level of 12 to 16 during the Gth to 12th weeks of 
observation. Hookworm infestation may have been responsible for 
the increase in total leukocyte count and the eosinophil percentage 
noted during convalescence. Hookworm ova were demonstrated in at 
least 33 % of the patients. 


Taiii.k 10. — Rar.ATio.v or PnKsn.vcE ok Absesce ok Pkinsakv Escuak to 
IIeioiit or Pkoteus OXK Titeh 


pay of 







di-eafe on 


Day of 





Duration 

which tiler 

Decree of 

disease tiler 





of fever 

first bec.ainc 

positive 

became 

No. 




(days) 

positive 

ncclutination 

negative 







Eeckar Present 






. 21 

43 

1/400 

85 -f 

2 




. IS 

15 

1/200 

85-1- 

S 




. ir. 

0 

0 

. . 





(died) 




H 




. IJ 

14 

1/400 

77 

15 




. ■ 2t 

22 

1/400 

03 

IS 




. 20 

2S 

1/25 

70 

20 




. 10 

1,5 

1/100 

57 

21 




. 12 

8 

1/1000 

02+ 

22 




. 20 

15 

1/1000 

91 

2S 




. lit 

15 

I/lOO 






. 10 

21 

1/100 

04 

25 




. 20 

28 

1/200 

71 

28 




. 17 

15 

1/400 

04 

20 




. I.i 

15 

1/200 

lOO-b 

30 




. 2.1 

14 

1/0400 

71-1- 

31 




. 20 

14 

1/100 


32 




. 24 

15 

1/400 

43 ’ 

33 




. 23 

15 

1/ICOO 

28 

34 




. IS 

8 

1/400 

67 

35 




. 19 

14 

1/800 

70 -f 

30 




. fS 

14 

1/200 

42 + 

37 




. 10 

14 

1/lCOO 

C9-1- 

38 




. 10 

14 

1/800 

57 -p 

39 




. 10 

7 

1/800 

42 

40 




. 27 

22 

1/1000 

47-f- 







Eschar Absent 


3 




. 19 

15 

1/100 

105 

4 




. 23 

35 

1/800 

84 

5 




. 24 

29 

1/200 

• • 

0 




. 18 

IS 

1/50 

56 

7 




. 30 

35 

1/200 

84 

g 




. 11 

15 

1/200 

56 

10 




. 10 

22 

1/100 

03 





. 21 

43 


49 

12 




. 24 

21 

1/200 

56 

13 




. 20 

29 

1/100 

112 

16 




. 20 

14 

1/200 

85 

17 




. 18 

29 

1/50 

57 

19 




. 21 

15 

1/200 

92 

26 




. 12 

15 

1/200 

63 

27 




. 14 

IS 

1/50 



Complication 


Bronchopneum. 
Bronchitis 
Convul. naotemia 

Bronchopneum. 

Bronchitis 

Acolcmia 

Azotemia 

Azotemia 

Broncliopneum., otit. 

media 

Bronchitis 

Bronchopneum., jaun- 
dice 

Bronchopneum. 
Bronchopneum,, azote- 
mia. anemia 
Bronchopneum. 

Azotemia 

Azotemia 

Bronchitis, azotemia 

Bronchopneum. 
Bronchitis, broncho- 
pneum., azotemia 
Bronchitis 


Azotemia 

Bronchitis 

Bronchopneum., pleu- 
risy, azotemia 

Bronchopneum., azote- 
mia 


Bronchopneum. 
Bronchopneum., azote- 
mia 

Bronchitis 

Bronchopneum, 

Jaundice 

Bronchopneum. 


The trends in die white formed elements of the peripheral blood m 
those patients who also had bronchopneumonia were rather sumJar to 
tliose described; but the initial leukopenia was slightly less (Chart ll). 
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A slight degree of anemia developed in the Chinese patients, the 
average hemoglobin decreasing from 14 to 12 gm. during the first 
3 weeks of the disease. The anemia disappeared during convalescenee. 


Table 11. — Fohmed Elements op Peripheral Blood in Uncomplicated Cases 

(Chinese) 


Week 

Average 


Differential (%) 




of 

leukocyte 



— 

. 

Hb. 

No. of 

disease 

count 

Neut. 

Lymphs. 

Mono. 

Eosin. 

(gm.) 

Cases 

1 . . 

5500 

53 

39 

7 

1 

14 

9 


(3400-7850) 

(39-62) 

(21-55) 

(1-17) 

(0-2) 

(10.4-17.5) 


2 . . 

6750 

46 

48 

5 

1 

13 

10 


(3900-10,800) 

(23-77) 

(21-72) 

(0-12) 

(0-4) 

(11.4-16.0) 


3 . . 

6150 

37 

55 

6 

2 

12 

12 


(4600-8800) 

(11-55) 

(42-85) 

(2-12) 

(0-6) 

(9.4-13.8) 


4 . . 

6330 

44 

48 

6 

2 

13 

12 


(3300-8400) 

(30-58) 

(39-65) 

(0-21) 

(0-6) 

(10.4-14.5) 


5 . . 

7626 

44 

40 

8 

8 

12 

12 


(3700-17,200) 

(26-61) 

(31-53) 

(0-10) 

(0-29) 

(9.5-14.2) 


6 . . 

7725 

46 

33 

5 

16 

12 

11 


(4200-14,400) 

(33-58) 

(24-45) 

(0-10) 

(2-36) 

(10.4-15.2) 


7 . . 

8372 

39 

40 

8 

13 

13 

11 


(4400-13,600) 

(32-49) 

(28-52) 

(1-12) 

(2-26) 

(7.0-14.4) 


8 . . 

9441 

40 

38 

6 

10 

12 

12 


(5500-15,400) 

(23-53) 

(23-48) 

(2-15) 

(1-34) 

(10.2-13.9) 


9 . . 

9350 

44 

38 

6 

12 

13 

11 


(6300-12,400) 

(22-54) 

(25-56) 

(2-9) 

(S-)7) 

(10.6-14.0) 


10 . .• 

8506 

44 

35 

6 

15 

14 

8 


(3450-13,200) 

(21-58) 

(30-43) 

(2-9) 

(3-42) 

(11.0-15.0) 


11 . . 

8521 

47 

34 

5 

14 

13 

7 


(0150-10,850) 

(27-00) 

(24-44) 

(1-10) 

(1-43) 

(11.0-14.0) 


12 . . 

8125 

48 

35 

5 

12 

13 

6 


(6700-12,450) 

(34-64) 

(20-56) 

(2-8) 

(1-28) 

(11.4-14.2) 




■ 10.— Trends in the average total leukocyte count, differential and hemoglobin 

m Chinese patients haidng no e-indenee of pulmonary involvement. Note eosinophilia 
late in con\’nlescence. 




TIME IN WEEKS 

2Jhart 12. — Trends in average total leukocyte count and differential in J^erican 
patients. Eosinophilia is less marked than in Chinese but is nevertheless definite. 
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In the American patients a leukopenia was present during the 
1st week of the disease; however subsequently a mild leukocytosis 
developed and this persisted until the end of the 8th week. The 
trends in the differential and in the hemoglobin were similar to those 
in the Chinese (Chart 12, Table 12); 


Table 12. — Formed Elements of Peripheral Blood in Uncomplicated Cases 


Week 

of 

Average 

leukocyte 


(American) 
Differential (%) 

Eosin. 

HL. 

No. of 

disease 

count 

Neut. 

Lymphs. 

Mono. 

(gm.) 

cases 

1 . . 

6,545 

65.4 

27.2 

6.0 

0.1 

16.1 

10 

2 . . 

(3800-8800) 

11,750 

(50-79) 

68.6 

(17-42) 

29.0 

(0-15) 

1.7 

(0-2) 

0.4 

(12.5-17.5) 

15.0 

18 

3 . . 

(8700-18,350) 

9,700 

(51-87) 

51.5 

(12-45) 

44.4 

(0-11) 

3.2 

(0-2) 

0.6 

(11.5-18.0) 

15.0 

19 

4 . . 

(5800-19,000) 

9,760 

(34-76) 

50.1 

(24-62) 

45.9 

(0-12) 

2.1 

(0-3) 

0.8 

(12.0-18.0) 

14.5 

16 

5 . . 

(5600-16,550) 

10,390 

(26-72) 

57.1 

(27-70) 

39.6 

(0-14) 

2.0 

(0-5) 

1.3 

(13.5-15.0) 

14.2 

10 

6 . . 

(6500-15,450) 

10,745 

(45-71) 

54.1 

(23-51) 

42.3 

(0-6) 

1.1 

(0-2) 

2.5 

(12.5-15.0) 

14.0 

10 

7 . . 

(7400-15,950) 

9,300 

(40-68) 

50.5 

(30-55) 

45.5 

(0-3) 

1.1 

(0-10) 

3.0 

(12.5-15.0) 

13.2 

8 

8 . . 

(0850-12,400) 

10,110 

(35-77) 

61.2 

(19-58) 

35.2 

(0-5) 

0.8 

(0-12) 

2.6 

(12.5-14.0) 

12.5 

5 

9 . . 

(7500-12,000) 

6,780 

(52-72) 

55.0 

(26-45) 

42.4 

(0-2) 

0 

(0-9) 

3.0 

(12.0-13.0) 

14.5 

5 


(0200-11,050) 

(43-67) 

(31-57) 

. . 

(0-7) 

(14.0-15.5) 



Table 13.— Values for Blood Urea Nitrogen in Patients With Azotemia 


Day of Duration of Abnormal 

disease fever B.U.N. (mg. per 100 co.) urinary 

Case No. admitted (days) (daj’S of disease in parentheses) hndings 


3 

S 

7 

8 
13 
18 
20 
22 
30 

33 

34 

37 

38 

41 

42 
40 


. 7 

19 

63, 52, 24, 16, 8 
(16, 20, 24, 26, 35) 

+ 

. 7 

24 

20, 25, 25, 18, 11 
(14, 16. 20, 24, 27) 

+ 

. 9 

36 

17, 23, 15, 8 
(14, 16, 15, 24) 

+ 

. 8 

Died on 

16th day 

28, 50, 108 
(11, 12, 16) 

+ 

. 11 

26 

23, 30, 30. 31. 13 
(11, 14, 18, 21. 24) 

+ 

. 15 

20 

32, 16. 14 
(20, 29, 40) 

+ 

0 

16 

25, 10 
(9, 17) 

+ 

Onset in 
hospital 

20 

71, 45, 13 
(11, 16. 23) 

+ 

9 

23 

25, 20, 8 
(12. 15, 23) 

0 

7 

23 

17, 26, 40, 38, 15 
(8, 12, 16. 19, 23) 

+ 

5 

18 

20, 28, 25. 12 
(6, 9. 13, 16) 

-k 

. 12 

19 

21, 13, 8 
(13, 18, 21) 

+ 

. 7 

16 

18, 27, 12 
(8, 11, 15) 

+ 

8 

26 

34, 18 
(13, 23) 

+ 

. 8 

17 

13, 22, 25. 30, 9 
(11, 15, 16, 21, 29) 

0 

. 7 

10 

32. 15, 11 
(9, 11, 19) 

0 


23. Azotemia. Of the 40 Chinese patients, 13 manifested a mild 
to a moderate azotemia during the course of the fever (Table 13). 
This occurred during the 2nd and 3rd weeks of the disease and particu- 
larly in those patients in whom the fever was prolonged or in those 
in whom the illness was more intense. The azotemia bore no relation- 
sliip to tlie presence or absence of bronchopneumonia. 

Three of lie Americans developed azotemia. This was most marked 
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in the patient (Case 42) who was semistuporous and had an increased 
cerebrospinal fluid pressure. 

24. Urinary , Findings. Abnormal findings in the urine’*' were 
detected in 1 9 of the Chinese and in 6 of the American patients. Thek 
occurred irrespective of azotemia- but occurred in all except 3 of the 
patients who liad azotemia. Tliese findings consisted of albumin, 
coarse or fine granular and hyaline casts, leukocytes and occasionally 
R.B.C. (flable 14). Casts and albuminuria were the most constant 
findings in these cases. Their appearance w’as transient and occurred 
especially during the 2nd and 3rd weeks of the disease. 


Tabi.e M.~-UniN'Any Fi.vdixgs 




Day of 








dbeare 







Duration 

urinary 



Lculrocj'tcs 

RB.C. 


Ca'c 

of fever 

nhnonn,ality 



per high 

per high 

Degree of 

No. 

(days) 

found 

Albuminuria 

Casts per low power field 

power field 

power field 

aiotemia 

1 

24 

29 

Plus 1 

0 

hfany 

0 

0 

2 

18 

11 

Trace 

10-15 coarse Rran. 

0 

0 




14 

Trace 

1 coarse Kraa. 

Occ. 

0 

0 



17 

Plus I 

2-3 coarse gran. 

0 

0 


3 

19 

9 

Plus 1 

1-2 coarse gran. 

0 

0 




12 

Plus 2 

1-2 hyaline; 1-2 granular 

Occ. 

0 

Plus 3 



15 

Plusl 

Many coarse gran. 

0 

0 


5 

24 

14 

Plus 2 

1-3 granular 

0 

Occ. 




16 

Pius 4 

Mod. hyaline, many coarse 

Occ. 

20-40 

Plus 1 





gran. 




G 

18 

11 

Plus I 

Kumcrous hyaline, occ. red 

10-15 

t-2 

0 





blood cell cast 




8 

Died 16th 

10 

Plusl 

4 granular moderate 

Occ. 

0 

Plus 4 


day 

12 

Plus 2 

Coarse granular 

0 

0 


10 

10 

0 

Plus 1 

Mod. coarse gran. 

0 

0 

0 

12 

21 

.5 

Plus 2 

1-2 waxy rare gran. 

5-10 

1-2 

Plus 2 

13 

20 

12 

Plusl 

2 coarse granular 

3-C 

0 

Plus 1 

10 

21 

14 

Trace 

1-2 granular 

Occ. 

0 

0 

20 

in 

21 

Trace 

Occ. hyaline 

0 

0 

Plusl 

22 

20 

8 

0 

2-3 granular 

0 

0 

Pius 4 



14 

Trace 

2-4 granular 

0 

0 


as 

17 

11 

Plusl 

10-15 granular 

Occ. 

0 

0 

32 

21 

17 

0 

5 granular 

3-i 

0 

0 

33 

23 

7 

Plus 1 

0-8 Coe granular 

0 

0 

Plus 3 



9 

Trace 

Few granular 

0 

0 




10 

Plus 2 

15-20 granular 

3-5 

0 


34 

IS 

0 

0 

2 granular 

3^ 

0 

Plus 1 



13 

Plus I 

12-15 granular, few hyaline 

0 

0 


3.1 

19 

13 

0 

4-5 granular 

3-4 

0 

Plusl 



18 

Plus 2 

15-20 coarse gran. 

2-4 

0 


37 

1C 

9 

Plus 2 

2-3 granular 

5-8 

0 

0 

3S 

10 

8 

Plus 2 

12-15 granular 

3-5 

0 

Plus 1 

41 

20 

9 

Plus 2 

Many hyaline, many fine 

0 

0 

Plus 2 





granular 




50 

10 

8 

Plus 2 

2-3 granular 

0 

0 

0 



12 

0 

Occ. fine granular 




51 

24 

11 

Plusl 

Occ. fine granular 

0 

0 




13 

Trace 

0-8 granular 

0 

0 

0 



27 

0 

Few granular 

0 

Occ. 


54 

12 

7 

Trace 

Occ. hyaline 

0 

0 




18 

0 

3 granular 

3-5 

0 

0 

53 

U 

6 

Trace 

Occ. coarse granular 

5-10 

1-2 

0 

57 

18 

7 

0 

1-2 fine hyaline 

Oce. 

0 




12 

Plus 1 

8-10 fine hyaline 

Occ. 

0 

0 


25. Comparison of the ISIore Coi^imon Clinical Findings and 
OXK Titer in Patients With and Without Primary Ulcer. 
With the single exception of the OXK titer already commented on, 

* A number of samples of urine were checked by Capt. C. F. Kay of the Cardio 
renal Section. 
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the patients ' with primary ulcers did not show important difference 
when compared to the group without ulcers. The incidence of rash, 
splenomegaly, lymphadenopathy and eye-ground changes as well as 
the duration of fever was approximately the same in both groups 
(Tables 15 and 16). 


Table 

15. — Clinical Findings 

AND OXK Titer in Chinese 

Patients With 

Case 

No, 


Day of 
disease 
admitted 

Duration 
of fever 
(days) 

Primary 

Spleno- 

megaly 

Ulcer 

Generalized 

lymph- 

adenopathy 

Eye- 

ground 

ehanges 

Rash 

Highest 

OXK 

titer 

1 . 


... 11 

24 

+ 

-1- 

- + 

+ 

1/400 

2 . 


... 8 

18 

+ 

+ 

4" 

— 

1/200 

8 . 


... 8 

Died on 

+ 

+ 

0 

+ 

Not pos. 

14 . 


... 9 

16th day 
14 

-1- 

+ 

+ 

+ 

1/400 

15 . 


. . . 8 

24 

-1- 

+ 

+ 

— 

1/400 

18 . 


... 15 

20 

+ 

+ 

+ 

— 

1/25 

20 . 


... 6 

16 

+ 

+ 

4" 

— 

• 1/100 

21 . 


... 5 

12 

0 

+ 

0 

— 

1/1600 

22 . 


. . . -4 

20 

+ 

+ 

-h 

0 

1/1600 

23 . 


... 10 

19 

+ 

+ 

0 

— 

1/100 

24 . 


... 9 

19 

+ 

+ 

0 

— 

1/100 

25 . 


... 16 

26 

+ 

+ 

0 

— 

1/200 

28 . 


. . . 9 

17 

+ 

+ 

-f 

— 

1/400 

29 . 


... 8 

15 

+ 

4" 

+ 

+ 

1/200 

30 . 


. . . 9 

23 

+ 

+ 

+ 

— 

1/6400 

31 . 


. . . 4 

20 

+ 

4" 

4" 

+ 

1/100 

32 . 


. . . 4 

24 

+ 

0 

0 

+ 

1/400 

33 . 


... 7 

23 

-h 

+ 

+ 

4- 

1/1600 

34 . 


... 5 

18 

■k 

+ 

0 

4" 

1/400 

35 . 


... 12 

19 

+ 

+ 

+ 

— 

1/800 

36 . 


... 6 

18 

4- 

4* 

+ 

+ * 

1/200 

37 . 


. . . 8- 

16 

+ 

+ 

+ 

+ 

1/1600 

38 . 


... 7 

10 

+ 

+ 

+ 

+ 

1/800 

39 . 


... 4 

16 

-t- 

+ 

+ 


1/800 

40 . 


... 12 

27 

+ 

+ 

0 

— 

1/1600 

+ means present. 0 means none present. — means not present while in 

ward. 



Table 16. — Clinical Findings and OXK Titeb in Chinese Patients 
Without Primary Ulcer 



Daj' of 

Duration 


Generalized Eye- 


Highest 

Case 

disease 

of fever 

Spleno- 

lymph- ground 


OXK 

No. 

admitted 

(days) 

megaly 

adenopathy changes 

Rash 

titer 

3 . . 

... 7 

19 

+ 

+ 0 

+ 

1/100 

4 . 

.:. 9 

23 

+ 

+ + 


1/800 

5 . 

... 7 

24 

+ 

+ -t- 

— 

1/200 

6 . . 

. . . 4 

18 

+ 

+ + 

— 

1/50 

7 . . 

. . . 9 

36 

+ 

+ + 

+ 

1/200 

9 . . 

. . . -4 

11 

+ 

+ -t- 

4" 

1/200 

10 . . 

. . . 5 

16 

+ 

+ + 

+ 

1/100 

11 . . 

. . . 10 

21 

+ 

+ -f 


1/25 

12 . . 

. . . 3 

24 

+ 

4- 4- 

+ 

1/200 

13 . . 

. . . 11 

26 

0 

0 -i- 

+ 

1/100 

16 . 

... 2 

20 

+ 

+ 0 

+ 

1/200 

17 . . 

... 5 

18 

0 

+ -1- 

— 

1/50 

19 . . 

. . . 6 

21 

-f* 

+ -f 

— 

1/200 

26 . 

... 7 

12 

0 

4- -i- 

— 

1/200 

27 . . 

... 7 

14 

+ 

+ 0 

— 

1/50 

-I- means present. 0 means absent. 

— means not present while in ward. 




26. Mortality. In this series of 64 patients, only 1 death occurred. 
This patient was a Chinese (Case 8) who appeared to be doing well 
except for a rapidly rising blood urea nitrogen. On the 16th day of his 
disease he developed a generalized convulsion, became comatose, and 
went into shock. Lumbar puncture revealed a cerebrospinal fluid 
pressure of zero. Despite intensive measures directed against shock 
the patient died 3 hours later after 3 more generalized convulsions. 

27. Treatjient. The treatment employed in this series of patients 
was essentially symptomatic and supportive. 
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General measures included complete bed rest and an adequate intake 
of fluid and calories in readily assimilable form. Fluid was supplied 
by YQin only if the patient could not take it by mouth. Each patient 
received in addition 2 brewer’s yeast tablets, 7 gr. of sodium chloride 
and 25 mg. of ascorbic acid 3 times each day. Supplements of sweet- 
ened diluted canned milk w^ere given to the Chinese patients between 
meals. 

Other therapy included oxj'gen inlialation if cyanosis was present, 
blood transfusion if in shock, and adequate sedation when indicated. 
We believe death in 1 patient wdth an increased cerebrospinal fluid 
pressure may have been prevented by spinal drainage. 

Sulfadiazine was administered to 10 patients with and without 
bronchopneumonia without detectable benefit. The dosage emploj'ed 
■was 4 gm. as an initial dose and 2 gm. every 4th hour for 4 to 5 days. 
Neoarsphenamine (0.6 gm.) was administered to 2 patients early in 
the course of the disease without noticeable benefit. Convalescent 
blood, with a high titer (1/3200) against proteus OXK antigen was 
administered 5 days after onset of the fever to 2 patients but did not 
appear to influence tlic course of the disease in the amounts given 
(500 cc.). Many of the patients had had quinine or atabrine prior 
to and even after admission to the hospital without detectable effect 
on the course of the disease. 

Since some of the patients had the primary lesions on the skin 
excised for biopsy and other studies, it was thought worth-wdnie to 
compare the course of the disease in this group with that in which the 
ulcer w'as allowed to remain in order to see whether or not the excision 
of the primary focus shortened the subsequent course. It did not. 
The average duration of the fever was longer in the group that had the 
ulcer excised. 

Summary. Clinical and laboratory data are presented on a series 
of 24 American and 40 Chinese patients -who had a disease which 
appeared to be identical with tsutsugamushi or Japanese river fever, 
also called mite or “scrub” typhus. These data include observations 
on the temperature, pulse, blood pressure, rash, primary eschar, eye- 
grounds, and on the incidence and duration of splenomegaly and 
regional and generalized lyraphadenopathJ^ Severe pulmonary, cere- 
bral and cardiac symptoms are described as well as other complications. 
Tlie laboratory data include the results of periodic total and differential 
white blood cell counts, hemoglobin and blood urea nitrogen deter- 
minations and urinalyses. The nature and duration of positive Vieil- 
Felix reaction (proteus OXK) are described and a difference between 
the OXK titer in patients with and without primary ulcers is pointed 
out. Early in the disease, interesting eye-ground changes were ob- 
served, these persisted into convalescence. Azotemia was noted during 
the 2nd or 3rd weeks of fever. One of the patients in the senes 
appeared to undergo a true relapse. The mortality in the senes was 
1.5%. 
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ON THE TOXICITY OF STREPTOTHRICIN 
By Geoffrey Rake, M.D., B.S. 

Dorothy Hamre, Ph.D. 

Frederick Kavanagh, Ph.D. 

Walter L. Koerber, Ph.D. 

AND 

Richard Donovick, Ph.D, 

NEW BRUNSWICK, N. J. 

(From the Division of Microbiology of The Squibb Institute for Medical Research) 

Statements on the toxicity of streptothricin® have been published 
by Robinson and his co-workers. Thus Robinson^ working with 
material of low potency (5 to 50 units per mg.) showed that the 5 unit 
material was of very low toxicity on a weight basis and 5 gm. ( 25,000 
units) per kilo produced no evidence of toxicity when administered 
intravenously. However, the more potent material (by this is pre- 
sumably meant the 50 unit material) was toxic intravenously at 
50 mg. (2500 units) per 20 gm. mouse or 125,000 units per kilo. Some 
evidence of toxicity occurred at 50,000 units per kilo but no deaths. 
There appeared to be a relation between toxicity and rate of injection. 
At doses approaching the lethal dose mice collapsed with apparent 
respiratory failure and would appear dead. Respiration would finally 
recommence and return to normal within an hour. Intraperitoneally 
60 mg. per mouse ( 150,000 units per kg.) produced toxic signs in 10 
to 15 minutes that might persist for 24 hours, although the mouse 
eventually recovered. In these studies all observed deaths took place 
within 24 hours. 

In a later paper® Robinson and his co-workers used aqueous solutions 
of material varying in potency from 5 to 300 units per mg. Mice 
(CFI albinos 18 to 21 gm.) were treated by various routes with a single 
dose and then observed for 5 days. l^Tien administered intravenously 
60,000 units per kg. produced some deaths, but there was no effect by 
oral or subcutaneous routes. However, the authors’ published figures 
show that the Ld 50 (dose lethal for 50 % of animals) by the intra- 
venous and subcutaneous routes was almost identical (between 185,000 
and 200,000 units per kilo). Orally 250,000 units per kg. were toler- 
ated without effect but at 500,000 units per kg. anorexia and loss of 
weight developed and 10 % of the mice died. In a still later paper® 
these same authors tested the toxicity of streptotlmicin by the sub- 
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cutaneous route. The Ld 50 obtained was approximately 3100 units 
per 20 gm. mouse or 155,000 units per kg. Deaths occurred on the 
6th, 7th and 9th days. 

TecMque. In this work, Swiss mice weighing 19 to 21 gm. were used. 
Most inoculations were by the intravenous route using 0.5 ml. volume, but 
some groups received material subcutaneously, intramuscularly, intraperi- 
toneally or by mouth. All animals which survived were observed for at least 
21 days. Autopsies were performed on all those which died, except those 
dying during the night (when postmortem changes might influence the results). 
Portions of liver, spleen, pancreas, adrenal, kidney, voluntary muscle, heart, 
duodenum, jejunum, ileum, colon, cerebrum, cerebellum and medulla, and 
after subcutaneous inoculation, the site of infection, were taken for micro- 
scopic examination. They were fixed in Zenker acetic fluid and stained with 
cosin-mcth 3 dene blue. Kidnej's and some other tissues were also stained with 
Weigert’s fibrin stain. 

IVIaterial. The strcptothricin to be tested varied in potency from 84.5 to 
529 units per mg. The latter material represents a highlj'' purified product 
regenerated from a cr^'stallinc derivative.- In addition, one fraction, obtained 
during the purification process but without an}’’ antibiotic activity, was tested. 
The unit of activit}" is not an absolute but rather a reference unit and cor- 
responds to the unit of Foster and Woodruff.* Activity of a given preparation 
has been ascertained bj' comparison with a standard, tested at the same time 
and under the same conditions, which standard had a given value in reference 
units. Tin's value in reference units liad been obtained by comparison with a 
sample of streptothricin of given potency in reference units kindly supplied by 
Dr. J. W. Foster of hlerck & Co., Inc. 

Results. In most cases only small quantities of material w'ere avail- 
able and only few mice at one or two concentrations could be tested. 
It soon became apparent that following intravenous inoculation two 
types of toxic reaction occurred. The first was apparent immediately 
following or even during inoculation. The mice would run for a few 
steps and then collapse. Breathing became very labored and then 
ceased. In some cases the mice died and in otliers tliey recovered 
completely within a few minutes. The second type of reaction began 
to appear about 24 hours after inoculation or might be more deJaj'cd. 
The mice became listless, anorexic, and the fur was ruffled. Breathing 
was labored, and the animals often sat back on their hind legs for long 
periods and showed a tendency to fall backwards. Death followed 
quietly, although on rare occasions there were convulsions, occurring 
anj'^vhere from the 2nd to the 12th day after inoculation, and from 
1 to several days after the animals became sick. Most of the deaths 
occurred before the 8tb day and 22% on the 6th day. If a record 
was kept of the amount of food eaten by the mice for each 24 hour 
period, the consumption was found to decrease markedly during the 
2nd day in the mice receiving the largest doses. In those receiving 
doses small enough to cause few if any deaths, this decrease in con- 
sumption occurs on the 5th day. This anorexia seems to be a prime 
S 3 Tiiptom and often precedes the appearance of anj^ other marked 

malaise. _ 

When these two types of toxic reaction were examined in relation 
to the type of material used in the toxicity experiments, certain points 
were noted. Thus the mortality rate of delayed deaths is related to 
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the number of units of streptothricin inoculated and not to the purity 
or. any other characteristics of a given batch of material. It would 
seem, therefore, to be due to the streptothricin. On the other hand, 
the rate of acute deaths bears little relation to the number of units 
of streptothricin inoculated (Table 1). It does, however, bear a defi- 
nite relation to the purity of a given batch of material. Thus (Table 2) 
the least pure sample tested— ST1121 84.5 units per mg.— killed 
immediately all mice receiving doses of 375, 458 and 1146 units intra- 
venously while the purest preparation of streptothricin killed imme- 
diately only 1 mouse of 4 receiving '2630 units intravenously and none 
of those receiving 2296 units, 1766, 1322 and so on down to 88 units. 
It is clear from this that acute deaths can be produced with highly 
purified material, but only with very large doses intravenously (132,480 
units per kg.). From these results it would seem that, for the most 
part, the acute deaths were due to impurity other than streptothricin. 
The nature of tlie acute deaths resembles closely those produced by 
histamine and related substances. 


Table 1. — Combined Intravenous Toxicities op All Samples of 
Steeptothbicin Tested 

Immediate toxicity Delayed toxicity 


Dosage 

No. of 

Mortality 

No. of 

Mortality 

(units) 

mice 

(%) 

mice 

(%) 

3000^140 

.... 6 

100.0 



2500-3000 

.... 41 

56.1 

18 

88.9 

2000-2500 

.... 35 

25.7 

26 

92.3 

1500-2000 

.... 37 

27.0 

27 

85.2 

1000-1500 

.... 45 

17 8 

20 

89.2 

88-1000 

.... 77 

20 8 

61 

50.8 


The mice observed for delayed toxicity represent, of course, those surviving the 
immediate reaction. 

The detailed results on 4 materials, of which sufficient was available 
to test in a moderate number of mice, are shown in Table 2. It is 
seen that the amount in units required to kill immediately decreases 
with decreasing potency (and purity). Thus the approximate imme- 
diate Ld 50 for S326-3273 (pure streptothricin) is >2630 units, for 
95K (330 units per mg.) is 2400 units, for 125K (250 units per mg.) 
is 1728 units, and for ST1121 (84.5 units per mg.) only 286 units. 
On the other hand, the Ld 50 for delayed deaths occurs at more nearly 
the same level for the purest material and for the least pure. Strepto- 
thricin, or at least the impure material, is also toxic by routes of 
administration other than intravenous. However, the delayed toxicity 
is considerably less by these other routes (stomach tube, subcutaneous, 
intramuscular and intraperitoneal injection), and no immediate deaths, 
or indeed any reactions, occur after administration by these routes 
(Table 2) . 

Pathologic Changes. That the material, when given intravenously, 
has a marked effect on the blood-vessels can be observed even in the 
living animal. Thus, even after tlie administration of purified mate- 
rial, in most of tliose mice which survive for 24 hours or longer marked 
gangrene of the tail develops distal to the point of intravenous inocula- 
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tion and this part of the tail is eventually lost. In addition, hemor- 
rhages may occur in the skin and are particularly noticeable in the 
ears. Following subcutaneous inoeulation, inflammation occurs at the 
site of injection. 


Table 2.— Toxicity op Samples of STitEPTOTnniciN of Vabying Potency 


Route of 

Dosage 
(units per 

Immediate 


inoculation 

moose) 

deaths 

deaths 


ST1121— 84.5 units 

per mg. 


rv . . 

I14C 

4/4 



458 

6/6 



375 

5/5 



28C 

5/10* 

2/5 


228 

0/10 

4/10 


95K — 330 units per mg. 


IV . . 

4100 

3/3 



2933 

9/10 

1/1 


2507 

8/10 

2/2 


2281 

4/10 

C/G 

os . . 

2053 

0/10 

10/10 

1027 

0/18 

5/18 

IM . . 

977 

0/20 

- 2/20 


125K — 250 units per mg. 


IV . . . 

1997 

3/3 



1810 

6/10 

4/5 


1498 

2/9 

5/7 


998 

1/0 

5/5 


499 

0/1 

1/1 

IP , . . 

1810 

0/8 

1/8 


S.320 -3273— 529 units per mg. 


IV . . . 

.... 2G30 

1/4 

3/3 


2290 

0/1 

1/1 


1700 

0/4 

4/4 


1322 

0/4 

4/4 


882 

0/4 

2/4 


CGI 

0/4 

2/4 


441 

0/4 

1/4 


220 

0/4 

1/4 


88 

0/4 

0/4 


STCP — 102 units per mg. 


sc . . . 

.... 4500 

0/0 

5/0 

2250 

0/10 

2/10 


1125 

0/10 

0/10 


503 

0/10 

0/10 


* Five mice died out of 10 inoculated. 

n'^ = intravenous: OS = by stomach tube; IM = intramuscular; IP = intrapen- 
toneal; SC = subcutaneous. 

On autopsy the mice were aIwa}''S found emaciated. Apart from 
occasional grossly observable areas of necrosis in the liver the only 
changes seen were in the small intestine or in the kidney and abdominal 
wall followingsubcutaneous inoculation. The small intestine was often 
filled with blood or might be so friable as to rupture very readily. 

Microscopically the lesions produced by intravenous inoculation var- 
ied somewhat with different batches although certain lesions were 
found with all batches. There seemed to be no significant difference 
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in the tissue changes produced by material of different potency. 
The most striking lesion occured in the small intestine. Damage was 
found in the duodenum, jejunum or ileum. In what appeared to be 
the early changes the submucosa and lamina propria were edematous 
or thickened, and there was marked monocytic infiltration. The tips 
of the mucosal villi might be necrotic. In other cases the earliest 
lesion appeared to be marked hemorrhage into the wall of the intestine 
and escape of blood into the lumen of the gut. More extreme lesions, 
which appeared relatively frequently, were on the one hand intussus- 
ception and on the other complete gangrene of the intestinal wall. 
In all, 16 out of 23 mice examined showed one or other of the above 
lesions, most of them to an extreme degree. 

Another severe lesion was not as frequent. This was an arteritis 
which occurred in medium or small arteries in the lung, pancreas, 
heart or kidney. The media was necrotic and Weigert’s stain showed 
marked disruption of elastic fibers. The adventitia contained fibrin, 
red cells, leukocytes and monocytes. This lesion was found in 6 mice. 
Four others showed foci of necrosis in the heart muscle with hemor- 
rhage and cell infiltration. 

In many cases (12 mice) the lungs showed areas with fluid and blood 
in the alveoli. In the kidney there were different degrees of tubular 
damage with hyaline or amorphous casts in some tubules. In 3 cases 
there were areas of necrosis in the liver and in 3 others necrosis of 
neurones was observed in the hippocampus or in the medulla. 

Colon, spleen, salivary glands, lymph nodes, adrenals and bone 
marrow appeared normal. 

In mice dying after subcutaneous injection of streptothricin (see 
Table 2, Lot STOP) the pathologic picture was entirely different. 
Macroscopically, as noted above, there was an area of thickening and 
inflammation surrounding the point of inoculation in the abdominal 
wall. Apart from this, the only other gross change was that noted in 
the kidneys which were usually large and pale, and might (in 2 cases) 
show advanced hydronephrosis. Microscopically, the site of inocula- 
tion showed an intense inflammation in the subcutaneous tissue reach- 
ing down to the subjacent muscle. The overlying epidermis was 
greatly thickened, as was the corium. There was an infiltration of 
fibroblasts and monocjffes with occasional binucleated giant cells. 
Scattered polymorphonuclear leukocytes were not frequent but col- 
lections of them were observed forming small or even extensive 
abscesses.^ In 1 case such abscesses appeared to be starting around 
blue-staining, jagged foreign bodies apparently crystalline in nature, 
but these could not be found in any of the 5 other preparations exam- 
ined. The intensity of the inflammatory reaction varied but slightly 
from 1 mouse to another. The kidneys showed quite extensive tubu- 
lar damage witli many hyaline and granular casts. In 1 case, as 
noted macroscopically, tliere was advanced bilateral hydronephrosis 
and in another case unilateral hydronephrosis. In still a third instance, 
a unilateral dilatation of tlie pelvis was obvious in the microscopic 
preparations, altliough it had not been noted in the gross examination. 
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Summary.^ Streptotliricin varying in potency from approximately 
16% of purity to almost completely purified material has been tested 
for toxicity in mice by various routes, \^^len the intravenous route 
is used it is found that the toxic plienomena can be divided into those 
which occur immediately, and which appear to be due to impurity 
with a histamine-like activity, and those which come on later and 
lead to death 2 to 12 days after inoculation. Since the Ld50 in units 
of streptothricin for these delayed deaths does not vary markedly 
with difierent preparations from the least to the purest, it is presumed 
that they arc due to the streptothricin itself. Symptoms in the mice 
include anorexia, labored breathing and, rarely, convulsions. 

In those mice which died following intravenous inoculation, lesions 
were found in the small intestine and in many cases the whole intestinal 
wall was gangrenous. Other important lesions were an acute arteritis 
and myocarditis, tubular lesions in the kidney and occasional lesions 
in the central nervous system and liver. Following subcutaneous 
inoculation, apart from the local reaction in the abdominal wall at the 
site of inoculation, the lesions found were confined to the kidnej^ and 
were considerably more marked in this organ tl)an those noted in mice 
wliich had been inoculated intravenously. 

Our thanks are duo to Dr. .1. Fried and Dr. O. Wmtcr.stcinor of the Division of Organic 
Cliomistry of The Squibb Institute for Medical Research for tlic preparations used in 
these studios. 
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KLEBSIELLA PNEUMONIA BACTERIEIVIIA SUCCESSFDLLY 
TREATED BY PENICILLIN* 


By Comd’r j. Lester Kobackek, (MC) USNIl 

AND 

Lt. Comd’r G. Burch Meulin, (MC) USNR 

UBN BABE Iiosr. 7, FLEET POST OFFICE, SAN FRANCISCO, CALIF. 


Infections with Klebsiella ‘pnewnonix ^ (Friedlander s bacillus) 
always have been regarded as serious, and with good reason. Statis- 
tics reveal mortality figures of 35 to 97% for various types of the 
infection, including both bactericmic and non-bacteriemic cases. At 
one time bacterieraia represented an almost certain fatal outcome, as 
witness Solomon’s'® series in 1937 and Bullowa’s- statistics of the same 
year which revealed 100 and 92% respectively. Later figures were 
somewhat lower, 75 to 85%, possibly due to the aid of sulfadiazine 


* The opinions and assertions contained heroin are the private ones of the 
and are not to bo construed as official or reflecting the views of the Navy Department 
or the Naval Service at large. 
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and sulfapyridine. The experimental studies of the effects of these 
drugs on animals^’^ suggest that they may actually exert some curative 
effect, sulfadiazine being the more potent. However, with mortality 
figures so appalling, any therapy which might aid in the conquest of 
this infection should be given adequate trial, without prejudice, and 
the results made known. 

The use of new antibiotic agents in the treatment of infections is 
undergoing numerous radical modifications. Initial concepts concern- 
ing dosage have been revised with consequent changes in the reported 
effectiveness of the drugs. Penicillin was reported ineffective in the 
treatment of subacute bacterial endocarditis on the basis of early dosage 
schedules;^® yet recent reports indicate a hitherto never-achieved arrest 
of cases when massive dosage has been applied.® The growing litera- 
ture on penicillin bears constant testimony to the variation in methods 
of administration, frequency of dosage and other features which must 
be given firm basis only through the clinical experience of many 
workers. 

It has been a customary and quaint procedure for many writers to 
classify bacterial response to therapy in accordance with the organ- 
isms’ acceptance or non-acceptance of the Gram stain. This concept 
is to be found along with certain other antiquated dicta in many text- 
books. Now again, as in the days of enthusiasm for the use of intra- 
venous dyes, we find bacteria being segregated in accordance with this 
unsupported thesis. The staining property of bacteria neither confers 
pathogenicity on them nor does it affect their vulnerability. Hence 
we must regard with some suspicion such far-reaching precepts as 
appeared this year when Schmitt"-*® listed as “insusceptible” to 
penicillin all gram-negative bacilli, including the Klebsiella pneumonise. 
Basing the vie\vpoint only on Fleming’s monumental experimental 
laboratory work® and on that of Hobby, hleyer, and Chaffee,^ and to 
our knowledge, on no clinical experience, these and other articles gave 
rise to a new tradition. In a recently published A. JM. A. guide*^ to 
the uses of penicillin, based on the similar list of Dawson et al.,^ 
under a main heading, “ Not Established as Effective for,” and a sub- 
heading: “All Gram negative bacillary infections” there was listed 
this full group, including Klebsiella pneumonia. 

In the light of this, it seems desirable to present a case of Klebsiella 
bacteriemia treated by penicillin with what, we deem, were dramatic 
results. 

Case Report. A Merchant seaman, 32 years old, was admitted Aug. 23, 
1944, to a U. S. N. Base Hospital in the South Pacific in deep coma. No 
historjr was obtainable except that he was in another hospital 2 weeks earlier 
under the diagnosis of “acute catarrhal fever” and that he had complained of 
feeling ill the day preceding admission. There was an indefinite report of his 
hawng been seen taking some tablets at bedtime and he was discovered 
unconscious in the morning. 

Phjsical Examinalion. Temp. 103° (axillarj-). The patient was intensely 
cj-anotic. His breathing was rasping, uneven, and 26 per minute. There 
was no response to any stimulation. The pupils were small but not pinpoint. 
The nose showed a crusted ■ purulent discharge. The teeth were dirty and 
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poorly repaired. The throat was diffusely reddened and there was a swellinp; 
m left posttonsillar area. The examination of the heart and lungs was nega- 

because of transmitted upper tract mucous 
rattles. The blood pressure was 138/72. There was a long, left flank scar 
(later found to be due to exploration after a stab wound). The neurologic 
examination was negative and all other physical findings were within normal 
limits. 

Lahoralory Bala. Hb., 85%; R.B.C., 4,500,000; W.B.C., 34,000 (neutro- 
phils, 86%; lymphocytes, 12%; eosinophils, 1%; basophils, 1%). Urine: 
yellow, clear; sp. gr., 1.023; albumin, 0; sugar. O’ micro., occasional leukocyte. 
I hick smear for malaria, negative. Spinal fluid, pressure 177 mm. of water, 
clear, colorless. Coll count, 0. Pandy's test, negative. Smear and culture, 
negative. Chest Roentgen ray, elevation of tne right diaphragm. Clear lung 
fields. 

Constant oxygen administration by mask was employed from the time of 
entrj' for 48 hours.^ Two hours after admission, an eflfort was made to pass a 
nasal tube to obtain a specimen of the gastric contents. An obstruction was 
encountered and severe laryngospasm occurred, during which pus appeared 
in his mouth and on turning him face down several ounces of thick stringy pus 
poured from his nose and mouth. The passages were cleared by aspiration 
and a clear ^dew of the throat was obtained. There was a small opening 
in the swelling behind the left tonsil at the lateral border of the posterior 
pliarj'ngcal wall. From this pus was escaping. 

_ A blood culture was taken after which he received 5 gm. of sodium sulfadia- 
zine intravenous^". 

The course from this point is indicated by the following notations: 

8~2Sy44' 2100— Temp., 105.4° (rcctally). Respirations, 36. Pulse, 150. 
Condition grave. Fundi— haziness of both nasal disk margins. Very restless. 

2300— Penicillin therapy begun (200,000 International units in 1000 cc. 6% 
glucose in saline given by intravenous drip). Thereafter for 82 hours a con- 
tinuous intravenous drij^ of penicillin was maintained introducing about 
300,000 units in 24 hours. Each 100,000 units was dissolved in 1000 cc. of 
5% glucose in saline. 

0800— Respiration, 50. Pulse, 160 and verj; thready. Skin 
cyanotic and mottled. Extreme restlessness. Fundi: disk elevation on left, 
and increase in haziness of nasal disk border on the right. Slight palpebral 
edema. 

1200 — A report from the laboratorj" at this time identified a blood culture 
growth as Klebsiella pnevmanix (Friedliinder’s bacillus). 

Despite the previously mentioned tradition that penicillin was an ineffective 
agent versvs Klebsiella, it was determined to continue the full dosage. The 
patient’s condition appeared desperate. 

1500 — Color slightly improved. Temp., 102.6° (axillary); pulse, 144; respi- 
ration, 48. 

8-25-44: 0700— Had a very restless night despite nembutal per rectum. 
Catlieterized at 12-hour intervals. 

0900— Temp., 103.4° (axillary) ; pulse, 160; respiration, 32 to 40. Condition 
worse. Restlessness had resulted in numerous large blisters on the legs, back 
and buttocks. Spinal fluid, clear, colorless; pressure, 140 mm. of water; labora- 
tory examinations of fluid all negative. 

0930— Sodium amytal, 0.3 gm., intravenously for extreme restlessness. 

1803— Pentothal sodium, 0.5 gm., intravenously. _ 

2050 — Scopolamine, 0.6 mg. (The combination of barbiturate and scopola- 
mine proved effective and was used during the ensuing 24 hours.) 

8-26-44: 0600— Temperature had fallen steadily. Temp., 99.8 ° (axillary) ; 
pulse, 104; respiration, 28. Responded to stimuli. Swallowed water in sips. 

0820 — Marked involuntary diarrhea. Coughed and raised sputum. 

2200— Slept quietly. . . . 

8-27-44: 0900— Temp., 99.4° (orally); pulse, 88; respiration, 30. Itiis 
concluded the intravenous use of penicillin (1,200,000 units had been em- 
ployed to this point and in a period of 82 hours). Cough continued. 
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Roentgen ray showed small area of consolidation at the left base. 

From 8-27 to 8-28, 20,000 units of penicillin were given intramuscularly 
every 3 hours. From 8-29 to 8-30 the dose was 10,000 units everj' 3 hours 
and thereafter until 8-31 it was 10,000 units every 4 hours. The total amount 
of intramuscular dosage was 530,000 units and the entire amount employed 
was 1,730,000 units. 

On the 4th day of hospital stay the optic nerve heads were normal to ophthal- 
moscopic view. 

Residua such as the abrations and blisters and the pneumonic area cleared 
promptly and the patient was ambulatory on his 11th hospital day. 

A blood culture taken on the 2nd day of the penicillin therapy was negative. 
Smears from the abscess 1 day after its evacuation showed a mixed flora with 
scattered encapsulated gram-negative organisms mdrphologicall}’^ Klebsiella. 
The final report on the initial blood culture was “Klehddla vneumonice or 
Friedlander’s bacillus confirmed culturally and morphologically. Specific 
typing sera for Friedliinder group was not available.” 

It was ascertained in the historj’- obtained after the patient’s recoverj"- that 
he had felt very ill the night prior to admission, and had taken 4 or 5 sedative 
piUs, size and nature unknovm. 

Discussion. The events in the clinical progress in this case w'^ere 
confused somewhat by the historj'- of self-administration of a seda- 
tive. It is impossible, therefore, to judge whether complete coma 
was a hona fide feature of the infection. The sequence of events in 
the progress of the case indicates the initial focal point as the pharyn- 
geal abscess, followed by bacteriemia and attendant, but later, pneu- 
monia. Suspicion may well exist that an early cavernous sinus phleb- 
itis was in progress at the time of admission. All fundus signs dis- 
appeared with improvement of the patient. Though Klebsiella bac- 
teriemia is not uniformly fatal, especially if there is an accessible 
primary focus, the extremely rapid cessation of symptoms in a patient 
so critically ill inclines one strongly to the conclusion that the therapy 
exliibited had a marked effect. It must be borne in mind that penicillin 
exerts its action as a bacteriostatic only during bacterial multiplication. 
Gardner’s wmrk® revealed that morphologic changes occurred in the 
numerous types of bacteria tested and even in the group classified as 
gram-negative— a class which has been regarded as uniformly non- 
susceptible. In these last there rvas noted chieflj'^ cellular elongation. 
It is not unreasonable to presume that bacteriostasis may reveal itself 
in I'ivo to be a critical factor, though the noted changes in vitro were 
insignificant. In 1943, Jaffe® concluded his report of extrapulmonary 
Klebsiella infections which recovered under treatment with sulfadia- 
zine on a hopeful note. We quote his final sentence: “Because of a 
persistent high mortality rate in Klcbs^iella imeumonise infections, it is 
felt that further therapeutic trials should be attempted with the 
newer sulfonamide compounds and also with the newer antibacterial 
agents such as gramicidin, penicillin and aspergillin.” 

With this presentation of a case of severe Klebsiella pnenmonise 
infection with bacteriemia treated successfully by penicillin, it is 
hoped that its further use in such conditions may be encouraged despite 
all previous dicta that the condition would not be responsive. 

Smnmary. 1. A case of very severe infection with Klebsiella pneu- 
monia treated by large doses of penicillin recovered. A pharyngeal 
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abscess was the initial focus, bacteriemia complicated the condition, 
and there was probably early cavernous sinus plilebitis and a secondary 
bronchopneumonia. 

2. This appears to be the first record of a case of Klebsiella 'pneu- 
monia infection treated by penicillin. 

3. Tlie penicillin was administered in direct contradiction to all 
published formulse regarding susceptibility of this organism. 

4. Since the notoriously fatal character of such infections is recog- 
nized, it is hoped that the rapid and dramatic recovery of this patient 
under penicillin therapy will encourage its further trial in large dosage 
in future Klebsiella pnenmonise infections. 
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RICKETS IN ICELAND 
Bv Niels Dungal, M.D. 

REYKJAVIK, ICELAND 

(From the Department of Pathology’’ and Bacteriolog>% University of Reykjavik) 

In medical literature reference is sometimes made to Iceland as a 
country in which rickets is unknown. Tliis is a misconception which 
may be traced back to Icelandic medical autborities from tlie 18th 
century, who have been quoted and misquoted ever since. 

In a medical survey performed almost a century ago Schleisner* 
noted 7 patients with rickets among a total of 327 patients personally 
examined by himself. But as be does not mention their age, we can- 
not know how many of them were children, nor decide whether some of 
these cases have not been residual malformations after healed^ rickets. 

The first systematic survey of prevalence of rickets was published by 
Thoroddsen,^ who found rickets among tlie children of Reykjavik in 
51.5% of children within 2 years of age. These investigations were 
founded on clinical examinations, and the author stated that undoubt- 
edly the percentage of rickets was actually considerably higher. 

There are still some practitioners in Iceland who doubt the conclu- 
sion of Thoroddsen’s paper. This scepticism may probably be ex- 
plained by the comparatively rare occurrence of rickets in its most 
extreme forms, as seen in the industrial cities of Europe. Many a 
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country doctor can practice for years without seeing such cases. On 
the other hand, nobody who keeps his eyes open on the streets of 
Reykjavik can fail to observe the frequeney of malformed bones, par- 
ticularly the legs, which around knees and ankles carry unmistakable 
signs of healed rickets. 

Material. A total of 253 children were examined, all in Reykjavik, but 
14 failed to appear for final examination, making a total of 239 completed 
examinations. All the children were from 3 months to 2 years of age. Of 
this number, 71 were from a health center for children, the remaining 168 we 
obtained by %vriting to mothers who had been delivered at the obstetric 
department of the State hospital in Reykjavik, encouraging them to bring the 
children to us and have them examined carefully for rickets. All these chil- 
dren were, vdth 2 exceptions, between 3 and 12 months of age. Most of the 
children from the health center were more than 1 year old. 

Methods of Examination. Each child was stripped nalced and examined 
clinically. A case history was taken at the same time and noted whether the 
child had received any antirachitic treatment. Of each child a Roentgen ray 
picture was taken of wrist and knee, and in all doubtful cases also of the ankle. 
As a rule, the changes were more distinct in the ankles than in the wrists. 
Of the young children, under 1 year of age, we took a picture of the whole 
crus on which knee and ankle joint could be seen with the entire leg bones. 
Such pictures were particularly valuable, as changes were frequently seen in 
the leg bones apart from the joints, particularly in the fibula. 

The clinical examination was directed to the general condition of the child, 
noting state of nutrition, anemia, condition of muscles, and so forth, with 
special attention directed toward the condition of the bones: 

1. The fontanelles were examined and if open, their size measured. 

2. The cranial bones were examined bimanually. Changes were frequently 
found, especially in the form of extended flat prominences in the region of the 
parietal bones, very pronounced in some children. Flattening of the occipital 
bone and hairlessness at the back of the head was also frequently observed. 

3. The_ chest was carefully observed, for here changes were frequently 
noted, chiefly in the form of a rachitic rosary and a Harrison's groove, both of 
which were comparatively frequent. Some children displayed major mal- 
formations of the thorax: barrel-shaped chest with flattened sides, of a more 
or less pronounced pectus carinatum, with protruding sternum. 

4. Examination of extremities, with palpation of vTists and inspection, of 
possible curves of legs. 


Results. The following table gives a survey of our clinical findings: 


Table 1. — Bone Findings 

Harrison's Costochondral 
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9 

17 
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21 

7 
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2 

2 

2 

24 

21 

25 
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10 

11 

12 

9 

5 

11 

12 

4 
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3 

42 

12 

33 

2 

9 

2 

9 

— 
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113 






44 


54 



72 


dungal: rickets in Iceland 


^ Criteria for Clinical Rickets. No single sign was considered suffi- 
cient for diagnosing rickets clinically, except Harrison’s groove. Par- 
ietal prominences were not considered sufficient alone, but in combina- 
tion with a flattened occipital bone or a distinct rachitic rosary were 
considered sufficient for diagnosing rickets. A distinct rachitic rosary 
was practically never the onl}'^ sign of rickets. Parietal prominences 
and other changes iu the cranium or chest could almost without excep- 
tion be found in addition, to corroborate the diagnosis. 



Fig. l.—Crus from 5 months female. Pronounced rickets. Fibula curved inward. 
Lower end of tibia inclined inward, causing deformity (varus inclination) of talocrural 
articulation. Broadening of ossification line of tibia^s lower end. Medial condyle of 
tibia dranui out into a point. Clinically: distinct Harrison *6 groove and rosary. The 
child had received no antirachitic treatment. 


In a poorly nourished child with distinct signs of rickets we found 
a rachitic rosary of the special kind which is supposed to be character- 
istic of scurvy: a bayonet-shaped prominence of the costochondral 
jimction, of such a form that a finger proceeding inward along the 
surface of the rib falls suddenly down on the cartilage. 
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In tlie extremities comparatively slight changes were found clinically. 
Epiphyseal thickenings, which are so frequently described elsewhere, 
were not found clinically by us, neither in the wrists nor in other joints. 



Fig. 2.— Well calcified bones with straight ossification lines. No rickets. Child, 
10 montlis old, had received vigantol and cod-liver oil for months. 



Fig. 3. — Child, 6 months old. No .antirachitic treatment. Distal end of ulna cup- 
shaped from calcium resorption. Calcium shadow clouded on ulna, but fairly distinct on 
radius. 

Roentgen ray examinations were at first made of right wrist and left 
knee of each child. But we soon realized how valuable a picture of 
the ankle was, and added it in all doubtful cases where we had not 
taken a picture of the whole crus. 
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T]ie Roentgen raj' pictures were interpreted according to the findings 
described by Wimberger^ and Lindblom.^ Our principal criterion 
was the aspect of the line of calcification at the epiphyses: instead of 
the clear^ut, straight and narrow line of normally growing bone, the 
calcification line is seen more like an indistinct shadow, indented and 
broken and in severe cases no calcification can be seen, but only a 
broad band of uncalcified tissue, and at last the distal end of the 
bone becomes broader with a concave surface owing to absorption of 
calcium. Correspondingly and preceding these ehanges, the spongiosa 
network is blurred, owing to insufficient calcium content, and the 
diaphysis loses in strength and straightness, particularly in slender 
bones like the fibula of infants, which was frequently curved inward 
toward tlie tibia. In general the fibula seemed to calcify later and 
less than the tibia, and the ossification lines were always more indis- 
tinct in the fibula than the tibia, in all rachitic cases, altliough they 
were just as distinct in non-rachitic cases. This suggested that the 
bone which is less exposed to strain and exercise did receive less cal- 
cium than the one wliich had a more pronounced functional stress. 

In the knees we observed changes of a characteristic appearance; 
at the medial articulate surface of the tibia the bone appeared to be 
broadened and flattened in such a way that the median condyle came 
to be drawn out into a point (Fig. 1). In some cases a similar forma- 
tion was seen on the lateral condyle of the tibia, but rarely on the 
medial condyle of the femur. Probably these formations are due to 
compression of young cartilage and osteoid tissue which is presumably 
weakened by other reasons, particularly want of vitamin C, for such 
changes are considered a sign of scurvy. 

On the whole, Roentgen ray pictures conformed well with the clinical 
findings, but in a few cases no clear Roentgen ray changes were found 
in cases where clinical signs were unmistakable. All the Roentgen ray 
readings were made without knowledge of the clinical findings, in 
order to obtain an independent Roentgen ray judgment uninfluenced 
by the clinical findings. By comparing tlie t\^'o examinations a final 
diagnosis was made. The following table gives a survey of our findings ; 
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The finding of 77% of all children betw^een 3 months and 2 years 
affected with rickets reveals a considerably higher percentage of rickets 
than Thoroddsen found. Our clinical examination alone showed a 
higher percentage of rickets than Thoroddsen found, but she remarked 
(l.c.) that her figures were rather too low than too high. 

Influence of Cod-liver Oil and Ultraviolet Light. Information was 
obtained from the mothers as to whether cod-liver oil had been admin- 
istered or the child had been exposed to irradiation by ultraviolet light. 
The following table gives a survey of this enquiry: 


Table 3.— Effect of Cod-liveb Oil Xnd Ultba violet Light 




Rickets 


Free of 





rickets* 

Treatment 

+ 

— 

Healed 

(%) 

Cod-liver oil 

. 99 

41 

12 

34 

Ultraviolet irradiation, 7 times or more 

. 15 

18 

6 

62 

No treatment 

. 44 

4 

0 

8 


Comment. This survey indicates that practically every child will 
develop rickets in this country unless it receives some kind of prophy- 
lactic treatment, either D vitamin in some form or direct irradiation. 

In this survey we saw few bones with clear straight calcification lines 
and distinct spongiosa structure, and such findings were chiefly limited 
to children who had received artificial sun baths for a longer period. 
If such bones had been taken as a norm, all the children examined 
would have been considered rachitic, with very few exceptions. 

However, although the question as to what should be looked upon 
as a norm in growing bones is a debatable one, there can be no doubt 
that rickets is very prevalent in Iceland, although high degrees of it 
are rare. M. B. Schmidt^ has pointed out that rickets may present 
different aspects in different localities. Here, the disease seems mainly 
to affect the cranial bones and the ribs, which may show very con- 
spicuous changes although no clinical and even no Roentgen ray 
changes may be found in the long bones of the extremities. 

The occurrence of rickets in spite of cod-liver oil is apparentlj"^ due 
to insufficient dosage. Most children receive only 1 teaspoonful a day, 
containing 2 to 3 gm. of oil which contains 200 to 250 I.U. per gm. 
or a daily dose of 400 to 750 I.U. This dose is less than half of what 
is regarded as necessary for the average child (1500 I.U.), although 
much higher doses may be required in some cases. It is, therefore, 
not surprising that irradiation gave the best results. 

Owing to the long dark winter months in this country, specific anti- 
rachitic therapy is required during tliis period, for the long days of 
summer do not afford adequate protection, no matter how well utilized, 
against the long and dark winter. Higher doses of cod-liver oil than 
have been commonly used up to tliis time are required, and the value 
of ultraviolet irradiation is being more and more appreciated by the 
population. 

Summary. A survey was made on 253 children in Iceland, all 
between 3 months and 2 years of age. Each child was examined clini- 
cally and with Roentgen rays of wHst and knee, usually also including 
crus and ankle. 
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The clinical examination slioAved definite signs of rickets in 66%. 
Of these, 35% had a visible Harrison’s groove, 44% a rachitic rosary,' 
and definite signs of cranial rickets were found in at least 54%. Eoent- 
gen ray photograplis showed signs of rickets in 75% of the children. 

The final result, obtained by comparing clinical and Roentgen ray 
examination, showed an incidence of 77% with rickets. 

These results dismiss the widespread belief that rickets is unknown 
in Iceland. 
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HEMORRHAGIC TELANGIECTASIA WITH PULMONARY ARTERY 
ANEURYSM: CASE REPORT 

By R. Wayne Bundles, PilD., M.D, 

INSTHUCrOR IX I.XTERXAL MEDICIKE, AXX AnBOH, MICH. 

(From the Thomas Henrj' Simpson Memorial Institute, University of Michigan) 

Hereditary hemorrhagic telangiectasia (Rendu, Osier,!’' Weber^®) 
is an uncommon disease cliaracterized by the familial occurrence of 
anomalous groups of capillary and venous dilatations ivhich are subject 
to repeated hemorrhage. The following case illustrates many typical 
aspects of this disease and shows, in addition, some unusual features. 

Case Report. E. D., No. 389283, a 56 year old factory worker was admitted 
to the University Hosjiital on January 17, 1944, complaining of recurrent ab- 
dominal pain, weakness, and poor Ausion. His general health had been good 
during his earlier life but for 2 years he had been unable to ivork. 

When about 14 years of age, after a fall and slight injury to his nose, he 
began to have brisk nosebleeds once or tAvicc CA^ery Aveek, losing an ounce or 
more of blood each time. The nosebleeds continued througliout the years, 
later becoming less profuse but then occurring nearly every day. No other 
source of bleeding Avas noted, nor Avas there excessive bleeding from cuts and 
scratches. 

When about 35 years of age he had for a time recurrent epigastric pain 
betiveen meals and at night, Avhich Avas relioA'ed by the ingestion of food and 
soda. Roentgen examination at a Marine Hospital was reported to reveal 
a peptic ulcer, and he Avas treated for 6 weeks with a milk diet and Sippy pow- 
ders. The symptoms subsided and did not recur. 

He was fiirst admitted to the University Hospital on September 15, 1996, 

6 weeks after the onset of dull, sometimes colicky, abdominal pain referred to 
an area about and below the umbilicus. The pain occurred at various times 
during the day and night Avithout relation to meals, exertion, or other external 
factors. There was no relief following ingestion of food or alkalies. He had 
noted no change in bowel habits, but some of his stools were^ black. Two 
weeks before admission he became weak and short of breath. With more than 
slight exertion he had palpitation, dyspnea, and chest pain. Pitting eaema 
of the legs and persistent vomiting developed shortly before his admission 
to the hospital. 
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Physical examination showed a well developed and well nourished but very 
pale white male. About the bps, tongue and the oral mucous membranes there 
were many small, reddish macules 1 to 3 nun. in diameter. The blood pressure 
was 155/55 mm. Hg. The thorax was somewhat asymmetrical. The heart 
was not enlarged and the rate and rhythm were normal. An early s 3 "stolic 
murmur was audible at the cardiac apex. The percussion note was resonant 
over both lung fields and there were no thrills. A continuous murmur, entirelj’’ 
separate from the heart sounds, was heard in a localized area in the 5th inter- 
costal space below and outside the right nipple. The murmur was accentuated 
late in systole, became very faint during diastole, and was much louder after 
inspiration. There was pitting edema over the lower legs. 



Fig. 1. — Chest roentgenoeram on the first admission showing the rounded opacity 
anteriorly in the right lung and the vascular shadow connecting it with the hilum. A 
loud murmur Avas audible over the adjacent chest wall. 


Examination of the blood showed a hemoglobin value of 26% (Sahli) and 
a red cell count of 3,100,000 per c.mm. Urinab'sis and several Kahn tests 
were negative. Gastric analj^sis revealed no free hj'drochloric acid in the gas- 
tric contents after subcutaneous injection of histamine. Several stool speci- 
mens_ gave strongly positive guaiac reactions. An electrocardiogram was not 
definitelj' abnormal. Sound records from the heart and right chest area con- 
firmed the auscultatory findings but added no further information. A chest 
roentgenogram showed a sharply circumscribed nearlj’- round, homogeneous 
opacitj' about 4 cm. in, diameter in the right middle lobe area (Fig. 1) . E.xtend- 
ing from the opacity to the puImonar 3 ’- hilum there was a prominent vascular 
trunk. On fluoroscopy the tumor moved during inspiration and expiration 
vith respect to the chest wall. Slight expansile pulsation was observed fluoro- 
scopically and this was confirmed by kj-mographic films. Roen^en examina- 
tion of the gastro-intestinal tract revealed no abnormalities. 
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The patient received 4 blood transfusions during his hospital stay and 
ferrous sulfate by mouth. He was discharged after 5 weeks, feeling entirely 
well. 

At home he resumed work and for nearly 5 years considered himself well. 
Nosebleedmg continued as before, nearly every day. In the fall of 1942 there 
was a recurrence of mid-abdominal pain coming at various times during the 
day and night without relation to meals and not relieved by food or alkalies. 
Black stools were noted and he soon became weak, pale, dizzy when standing, 
and short of breath when active. He was taken to a local hospital wlierc a 
blood transfusion was given, after which he was discharged ndth a box of tablets 
containing iron. He gradually improved during the following months but was 
never well, being able to work only about one-third of the time at easy jobs. 
Several months later another identical episode of abdominal pain followed by 
tarry stools and symptoms of a severe anemia occurred, with slow and in- 
complete recovery after 2 blood transfusions. 

Early in Januarj^_ 1944, 2 weeks before his second hospital admission, the 
abdominal pain again returned and he soon became pale and too weak to get 
out of bed. On 1 day there were 3 urgent passages of black, tarrj' stools. He 
was taken to a local hospital, given a blood transfusion, and tlien transferred 
to the University Hospital for further treatment. 

Physical examination on the second hospital admission showed a well- 
developed male who appeared weak and chronicallj'- ill. There were bilateral, 
mature, senile cataracts. About the lips, tongue and nasal septum there were 
numerous reddish-blue telangiectasia, 1 to 3 mm. in diameter, verj' slightly 
raised above the level of the mucosa. A few similar structures were ^^sible 
over the forearms and finger-tips. The heart was borderline in size, and at the 
apex a blowing systolic murmur was audible. Over both lung fields the per- 
cussion note was resonant, and fremitus and breath sounds were normal. 
A moderately loud, continuous murmur, entirely separate from the sounds over 
the precordium, was audible as before over the right anterior chest, being 
loudest in an area 3 to 4 cm. in diameter in the 5th intercostal space just outside 
the mid-cla^^cular line. The murmur was accentuated in late systole with a 
faint, low-pitched sound cent" T’ tele. The murmur became 

nearly twice as loud with full expiration. The tip of the 
spleen was palpable 2 cm. below the left costal margin at the end of deep 
inspiration. 

Urinalysis and Kahn tests were again negative and the stools gave strongly 
positive tests for occult blood. The hemoglobin was 30 % (4.8 gm.) and the red 
cell count was 4,500,000 per c.mm. In the stained blood film the red cells 
appeared extremely pale and varied greatly in size. The mean corpuscular 
volume was 65 cn. 

A chest roentgenogram showed the previously described opacity in the right 
lung field and the prominent vascular shadow connecting it with the puhnonarj" 
hilum. There had been no more than a slight increase in size during the pre- 
vious 7 years. On fluoroscopy the tumor appeared to change slightly in shape 
during respiration and to become denser during inspiration. There were no 
other definite abnormalities in either lung, although 2 small somewhat variable 
shadows were present that were difficult to interpret. Roentgen examination 
of the gastro-intestinal tract was negative. 

A gastroscopic examination (Dr. H. M. Pollard) provided a satisfactory 
view of the interior of the stomach up to and including the pyloric ’ valve. 
The mucosa was definitely pale. Several clusters of telangiectasia wereAusible 
along the lesser curvature and on the anterior wall, and a few were present in 
the antrum and one on the pyloric valve. Each telangiectasis was circular, 

2 to 3 mm. in diameter, sharply circumscribed, and intensely red. The dilated 
vessels were level with the surface of the mucosa and did not protrude into the 
lumen. Fresh blood oozed from the gastric mucosa in 2 or 3 areas. 

A sigmoidoscopy was performed and no telangiectasia were seen. 

The patient was given ferrous sulfate 0.6 gm. 3 times daily. After 1 week _ 
the red cell count had risen to 5,000,000, the hemoglobin to 57 % (8.9 gm.) 
and the mean corpuscular volume to 70 cm. At the end of 2 weeks the red cell 
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count was 5,200,000, the hemoglobin 69% (10.7 gm.), and the mean corpuscular 
volume 79 c/x- An uneventful cataract extraction was then carried out. 

When discharged home he was advised to supplement his daily diet with 
ferrous sulfate permanently. On a check-up examination 3 months later he 
reported that his general health was vastly improved. He had had an occasional 
episode of abdominal pain but no tarry stools. One nosebleed had been profuse 
and had lasted 5 days. Physical examination showed nothing new except 
greatly improved general health. The E,.B.C. count had increased to 5,700,000, 
the hemoglobin to 109% (17.1 gm.) and the average cell volume to 95 dfi. 
A second cataract operation was performed without comphcation. 

The patient’s parents were over 80 years of age, living and weU. He was 
o^e of 8 children, and had 1 daughter and 1 granddaughter. None of his 
relatives were known to have had frequent epistaxes or other types of abnormal 
bleeding, nor to have had visible telangiectasia. None of his family were 
available for examination. 

The general clinical features of hereditary hemorrhagic telangiec- 
tasia have been presented in many publications.^’^'^'’’^2'^^~i®'i®’^®'2®“2''' 
The hereditary nature of the malady has been of most general interest. 
The sexes are equally affected, and both males and females may 
transmit the disease to their offspring. In many families the disease 
appears to be inherited as a dominant characteristic but several in- 
stances of skipped generations in afflicted families have been recorded 
(Osier, Weber,^® Steiner,^^ Audry,^ Fitz-Hugh,® Foggie,® Edel, Van 
Gilse and Postma,^ Hurst and Plummer, and Singer and Wolfson^*)* 
It is believed that this “atavistic” or recessive hereditary transmission 
may account for the many otherwise typical cases, such as the one re- 
ported here, in which no positive family history can be obtained.® 

Epistaxis is the commonest symptom, since delicate, easily trau- 
matized telangiectasia occur most frequently on the nasal septum, but 
bleeding from the skin or oral mucous membranes occurs in the ma- 
jority of patients and may even be the exclusive site of hemorrhage. 
The telangiectasia usually do not appear before the age of puberty. 
In the 3rd and 4th decades of life they become more numerous and 
more subject to hemorrhage. The individual groups of dilated vessels 
are not entirely permanent structures but tend to vary from time to 
time in nmnber, in size, and in tendency to bleed. An anemia severe 
enough to be incapacitating often results from the long-continued 
blood loss, and a number of fatal hemorrhages have been reported. 

The frequency of internal bleeding in patients with hereditary hemor- 
rhagic telangiectasia has been emphasized by several recent authors. 
Hematemeses, hemoptyses, melena, hematuria, and even cerebro- 
vascular accidents have many times been attributed to bleeding from 
telangiectasia, although clinical or pathologic proof has been infrequent. 
One of Osier’s^’ patients died of carcinoma of the stomach, and necropsy 
disclosed the presence of many gastric telangiectasia. Boston® re- 
ported 3 patients with hemorrhagic telangiectasia who had had 
repeated attacks of gastric hemorrhage. Surgical exploration was 
necessary to control hemorrhage in one of his patients and gastric 
bleeding from a small cluster of abnormal vessels was found. One of 
Fitz-Hugh’s^ patients had had hemoptyses, and bronchoscopy revealed 
distinct telangiectasia which bled with the slightest pressure in the 
trachea and in the left bronchus. Telangiectasia were also seen in the 
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lower colon by sigmoidoscopy and their histologic nature was con- 
firmed by biopsy. Four years later, however, at autopsy there were no 
telangiectasia visible in either the respiratory passages or in the gastro- 
intestinal tract. Hurst and Plummer,” also, emphasized gastro-intes- 
tinal hemorrhage as a complication of this disease. In 3 typical 
cases, and in 1 in which there was no confirmatory family history, 
telangiectasia were seen by sigmoidoscopy. Renshaw^ was the 
first to see hemorrhagic telangiectasia in the stomach by gastroscopy 
and gave an excellent description of their appearance. His patient had 
had episodes of severe gastro-intcstinal bleeding for 12 years with 
recurrent severe anemia. Roentgen examination of the stomach and 
colon was negative and telangiectasia were not seen by sigmoidoscopic 
examination. No family history of the disease was mentioned. Griggs 
and Baker” reported 3 patients with hereditary hemorrhagic telangiec- 
tasia whose presenting complaints were gastro-intcstinal bleeding. 
The exact origin of the bleeding was not discovered, since roentgen 
examination was negative in all cases and in the one patient in whom 
gastroscopic and sigmoidoscopic examination were done no telangi- 
ectasia were seen. All of their patients, as the one in the present 
report had abdominal distress which recurred during the periods of 
active bleeding. 

Detailed pathologic studies in hereditary hemorrhagic telangiectasia 
have been very few. The 9 published necropsy reports were recently 
reviewed by Schuster"’ in reference to the multiple vascular abnor- 
malities which occurred in a typical case in which he performed a com- 
plete postmortem examination. Telangiectasia in his case were present 
in the skin, nose, mouth, pharynx, larynx, trachea, stomach and duo- 
denum, None were present in the bronchi, colon, rectum, kidneys, 
or serous membranes. Dilated and distorted fibrotic veins were 
present in the upper lobe of one lung and beneath the surface of the liver 
capsule. A unique feature was the presence of multiple aneurysms of 
the splenic artery each about the size of a hazel-nut. The relation of 
these vascular anomalies to the capillary and venous dilitations which 
characterize this disease is still uncertain. 

Aneurysm of the pulmonary artery has not been reported pre^d- 
ously in any patient with hereditary hemorrhagic telangiectasia. The 
roentgen appearance and physical findings in our case strongly suggest 
an arterial dilatation comparable to the splenic aneurysms described 
by Schuster, although a vascular tumor with arteriovenous com- 
munication might possibly account for the findings. Thoracotomy and 
lobectomy was considered at the time of the first admission of our 
patient. The almost complete stability of the lesion for over a period 
of 7 years indicated a better prognosis than was first suspected and 
operation was finally considered inadvisable. 

The treatment of hereditary hemorrhagic telangiectasia is diflBcult 
and somewhat unsatisfactory. Trauma, a factor of importance in the 
development of the telangiectasia” as well as in inducing bleeding from 
them, can be avoided to some degree with respect to exposed surfaces. 
Iron is the only medication of proved value, and in those subject to 
chronic blood loss it should be used continuously. The local treat- 
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ment of nasal telangiectasia with chromic acid/^ radium, or electro- 
desiccation® has been of definite benefit in some patients in the control 
of epistaxis. An inflated finger cot has long been recommended as the 
most effective method of controlling profuse nasal hemorrhage.^’ No 
satisfactory method of dealing with internal hemorrhage other than 
treatment of the anemia and use of blood transfusions when necessary 
has been devised. 

Summary. A case is reported of a patient with hemorrhagic telangi- 
ectasia who had suffered from repeated epistaxis from the age of 14, 
and in later life from gastro-intestinal hemorrhage severe enough to 
produce a severe, incapacitating anemia. Multiple gastric telangi- 
ectasia were seen by gastroscopic examination. An aneurysm of the 
pulmonary artery was present which did not increase appreciably in 
size during a period of over 7 years observation. 
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TISELroS ELECTROPHORESIS STUDIES OF PLASMA PROTEINS IN 

ADDISON’S DISEASE 

By E. Perry McCullagh, hl.D. 

AND 

L. A. Lewis, Ph.D. 

CLEVELAND, OHIO 

With the technical assistance of James Clark, A.B. 

(From the Cleveland Clinic) 

The importance of the adrenal cortex in maintaining normal plasma 
composition is well established. Several crystalline preparations, 
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notably desoxycorticosterone acetate and corticosterone, are capable 
of maintaining a normal plasma electrolyte concentration and blood 
volume in the adrenalectomized animal and the patient with Addi- 
son’s disease. Leidn and Leatliein,- and Hartman ei aid, reported 
plasma protein studies in adrenalectoiniKed animals. Tliey found a 
lowered albumin level in the plasma of dogs and cats. In experi- 
ments reported by Hartman ct aid the low albumin-globulin ratio was 
found to persist whether the adrcnalectomized animal was maintained 
on whole adrenal extract, desoxycorticosterone acetate, sodium salts, 
Hartman’s “sodium factor,” or “cortin.” 

The plasma protein fractionations mentioned were determined by 
the “salting out” method, wliich is open to considerable error. The 
present studies were carried out using the Tiselius electrophoresis 
method, which provides a more accurate and complete fractionation 
of the various plasma proteins. 

Subiects, Materials and Methods. Nineteen patients with proved Addi- 
son's disease were studied. The diagnosis was established bj”- physical exam- 
ination and confirmed by pertinent laboratory findings such as low serum 
sodium, high serum potassium, low indices with tlic Roliinson-Power-Kepler 
test, and hemoconcentration. Of these patients, G were followed over a period 
of months to determine what changes occurred in the plasma protein picture 
during adrenal insufficienc}' and after various tj'pes of replacement therapy. 

The Tiselius electrophoresis technique as modified by Longsworth was 
used.® Total and non-protein nitrogen were determined by the Pregl modi- 
fication of the micro-Kjeldahl method.® A detailed description of methods 
used in this laboratory’' has been published.® 

Desoxycorticosterone acetate, administered either in an oil base or in pellets, 
whole beef adrenal extract, and pig adrenal extract wei-e the materials used in 
treatment. Beef adrenal extract in an aqueous base was administered intra- 
muscularly usually twice daily. Hog adrenal extract in an oil base was in- 
jected intramuscularly once daily'. Pellets of deso.xy'corticosterone acetate 
were implanted subcutaneously. Keplacement of pellets was usually required 
in 9 to 12 months. 

Results. The results of studies made wlien definite signs of adrenal 
insufficiency were present are summarized in Table 1. In 4 of the 
7 cases the total plasma protein fell in the upper normal range. Hemo- 
concentration was present. It is evident that this makes the plasma 
protein levels appear higher than they would be if tlie plasma volume 
had been normal. It also means that since hemodilution takes place 
during therapy the increase in the total circulating plasma protein 
is greater than would be indicated by the plasma protein concentration 
level alone, and the amount of albumin necessary to bring the con- 
centration to normal levels is greater than would be indicated if plasma 
volume is not considered. In 1 case the total protein was very low, 
being 4.54 gm. per 100 ml. This patient was extremely emaciated, 
which probably accounted for the severity of the protein depletion. 
In all studies the percentage of albumin was low, and in 5 cases the 
total protein in gm. per 100 ml. was below normal limits. There was 
no consistent increase in any globulin fraction. 

Table 2 summarizes the data obtained on 5 of these patients after 
months of therapy, and on 4 others repeatedly studied. Cases 1 to 4 
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showed a definite increase in the percentage of albumin after ameliora- 
tion of symptoms of adrenal insufficiency and during good mainte- 
nance.* In no case was the albumin restored to normal levels when 
the patient was maintained on desoxycorticosterone acetate alone or 
with small supplementary amounts of adrenal extract. When Case 5 
received 15 ml. of adrenal extract in divided doses each day for 4 weeks, 
the protein distribution became entirelj'^ normal. When the extract 
was changed to hog adrenal extract for 3 weeks, the normal distribu- 
tion was maintained. Case 7 also showed some increase in the per- 
centage of albumin over that attained with desoxycorticosterone ace- 
tate when adrenal extract was used for a long time. The normal level, 
however, was never attained. Treatment with hog adrenal extract 
ha^d no beneficial effect; the albumin percentage after 13 weeks closely 
approximated that observed when the patient received desoxj’^corticos- 
terone acetate. 

Case 6 may possibly have shown a slight increase in albumin per- 
centage when receiving hog adrenal extract. Cases 8 and 9 showed 
no further improvement in the plasma albumin level when adrenal 
extract was added to the treatment. 

Table 3 summarizes the data on the remaining 9 cases. Case 12 
was especially interesting, since the patient appeared to have abso- 
lutely complete replacement as judged by physical reactions and sense 
of well-being when maintained on desoxycorticosterone acetate. He 
was the only one who had an entirely normal protein distribution 
when receiving desox^’^corticosterone acetate alone. Case 12 was also 
especially well maintained by desoxycorticosterone acetate, and the 
protein distribution was nearly normal. 

Discussion. It is altogether possible that insufficient dosage was 
responsible for the failure of the plasma protein pictme to be restored 
to normal in some patients treated with adrenal extract. On the other 
hand, they appeared to be well maintained clinically. It is possible 
that the factors essential for maintenance of normal protein distribu- 
tion were not present in sufficient amounts, while principles physio- 
logically active in other ways, factors regulating salt and water bal- 
ance or carbohydrate metabolism, were administered in adequate 
quantities. 

In Case 2 lack of any immediate alteration in protein distribution 
during treatment with very large amounts of adrenal extract would 
indicate that, at least in the patient with Addison’s disease, no stores 
of albumin are readily available to be brought forth after hormone 
injection, or that albumin and globulin stores are released at such a 
rate that the distribution is unaltered. The latter assumption seems 
rather unlikely. Between the first two studies in Case 2 the volume 
of circulating plasma increased by 12.5% as judged by the decreased 
hematocrit'S'^alue, and the plasma protein concentration fell 20%. 
Estimation of modifications in circulating plasma volume based on 

* Maintenance of a normal serum electrolyte level, an essentially normal blood 
pressure, absence of edema or puffiness and nausea, a good appetite, normal or almost 
normal energy and endurance and a sense of well-being. 
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hematocrit determinations only is not entirely valid, but it is believed 
that during recovery from adrenal insufficiencj^ a good estimate of* 
changes in plasma volume in an individual is probably obtained. 
Studies on adrenalectomized animals indicated the validity of this 
conclusion. In adrenalectomized dogs in which the dye method of 
estimating plasma volume was employed, “the importance of the 
change in plasma volume in modifying the red blood cell count and 
hemoglobin value is clearly shown by the blood volume decrease.”^ 
By frequent injections of adrenal extract and administration of desoxy- 
corticosterone acetate in oil a constant supply of hormone was assured 
the patient at all times. 

Sununary, In the estimation of plasma proteins in 19 patients with 
Addison’s disease, the Tiselius electrophoresis method was used for 
determination of the various protein fractions. When the ])atient 
showed definite signs of adrenal insufficiency, the total ])rotein was 
usually in the upper normal range, and in all cases the albumin per- 
centage of the total protein was definitely decreased. The increase in 
globulin was not consistent in any one fraction or fractions. All 
globulin fractions usually showed some increase. 

After adequate maintenance with deso.xycorticosterone acetate for a 
period of months, the albumin increased somewhat but did not return 
to normal. When large amounts of adrenal extract were used for a 
month or longer, further improvement was observed, and in some 
instances a normal or nearly normal protein distribution was attained. 

Wo are greatly indebted to Dr. G. F. Cartland and Dr. Dwight Ingle of the Upjohn 
Companj' and Dr. David Klein of the Wilson Corapany for the adrenal c.'ctract used in 
these studies. 
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THE INCIDENCE, CAUSES AND INTERMITTENCY OF 
PROTEINURIA IN YOUNG MEN 

By Iratng j. Wolman, M.D, 

BURGEON (r), V. 6. PUBEIC HEALTH SERVICE 
sheepshead bay, BBOOKLYN 29, N. Y. 

(From the U. S. Maritime Service Training Station and the U. S. Public Health 

Service Hospital) 

This paper reports a study of proteinuria in men being mobilized 
for war service, designed to answer certain questions; (1) ^^Tiat evi- 
dence lies behind the modern view that in the absence of associated 
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disturbances intermittent proteinuria of young persons is inconse- 
quential and benign? (2) "VSTiat is the incidence and nature of pro- 
teinuria in American men of supposed good health? (3) Does measure- 
ment of the concentration of protein assist in tracing the etiology of 
the proteinuria? (4) How effective is one urine analysis for recognizing 
and differentiating between nephritis, urologic disease and intermittent 
proteinuria? 

Although by special methods trace amounts of mucins can be 
demonstrated in every normal or “negative” urine,®^-^® the tests for 
proteinuria as ordinarily performed detect albumins and globulins 
only.® In clinical proteinmia the proteins are identical in physical 
and immunologic properties with those of the blood, but not the 
same nor as uniform in fractional distribution. When present, such 
urine proteins are referred to by tradition as “albumin,” yet globulins 
are almost always present also, especially in nephritis and nephrosis. 
The term “proteinuria” is more exact and is to be preferred. 

The Benign Nature of Intermittent Proteinuria. From the standpoint 
of the urine analysis itself, apart from clinical history and physical 
examination, intermittent or orthostatic proteinuria differs from neph- 
ritic proteinuria in two fundamental respects. Firstly with all varieties 
of nephritis— acute or chronic, glomerular, arteriosclerotic or pyelo- 
nephritic— the excretion of protein is almost always constant, regard- 
less of posture or exercise.^® The sole exceptions to this rule seem 
to be those occasional patients with mild chronic glomerulonephritis 
which remains subclinical and asymptomatic for years, and those 
convalescent from acute nephritis, when nearly well. In such types 
of cases the proteinuria may be absent or very slight when the indi- 
vidual is resting, but usually reappears during physical activity or on 
assumption of the lordotic position. Sometimes, too, a momentary 
clearing of a mild nephritic proteinuria can be effected during the 
forcing of fluids or by feeding alkali in large doses.®'®-®® Secondly, 
nephritis invariably gives rise to erj'^throcytes and casts in the urinary 
sediment®; without this finding the diagnosis cannot be made. Even 
the exceptional mild or latent patients in whom the proteinuria is no 
longer constant usually excrete an increased number of red cells and 
casts, detectable by careful microscopy of fresh specimens or by quan- 
titative procedures such as the Addis sediment count.^ Thus, inter- 
mittent proteinuria (referring to the disorder, not the mere finding) 
is viewed by definition and custom as a urinary dysfunction distinct 
from true nephritis. 

At times it is not easy to differentiate between the pme form of inter- 
mittent proteinuria and that which occurs in association with urologic 
disorders. It was noted in the series of trainees discussed later in 
this paper that proteinuria of extrarenal origin when present at all 
was more often discontinuous than regular. Rytand®’ has described 
2 patients with urinary anomalies, who had clear negative urine when 
lying down, but on standing showed proteinuria associated with im- 
paired diodrast excretion and the outpouring of casts, erythrocjdes and 
renal epithelial cells. Young et al.*^ and Prince®® have advised an 
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exliaustive investigation of every patient with proteinuria, to include 
along with the history and urine studies, the cstablisluncnt of "normal 
kidney function (phthalein, urea clearance and dilution and concen- 
tration tests); normal blood chemistry, non-protein nitrogen, blood 
urea, total protein and albumin-globulin ratio; and negative plain 
Roentgen rays and normal intravenous urograms.” However, the wide 
prevalence of proteinuria makes the practical carrying out of such a 
detailed diagnostic program economically unfeasible. 

One major reason for holding inlcrmiUcnt imcoinplicaicd proteinuria 
to he benign is its high rate of occurrence in groups of individuals other- 
wise normal, as compared with the relative rarity of kidney diseases 
in the same populations. Thus MacLcan,*® during the first World 
War on studying 50,000 British soldiers with salicylic acid reagent, 
found that 5.6% had proteinuria, in a single test. After deduction of 
specimens containing pus or spermatozoa and those with "less than 
5 mg. per 100 cc.” the more significant figure of 2.2% was secured. 

Of 7041 French and British troops examined by McLeod and 
Ameuille,^® in 1916, for proteinuria with the single speeimen metliod, 
263 positives (3.7%) were encountered. 

Of 2269 cadets and officers at West Point AHIitary Academy studied 
by Ashburn,- between 1925 through 1927, 360 (almost 16%) had 
proteinuria (quantities not stated), two-thirds of the cases being 
encountered in a single year. Of tliese, proteinuria was present once 
in 80%, twice in 16%, and more than twice in but 4%. Among 
64 cadets showing protein at more than one examination, in 10 in- 
stances positive results were separated by a negative one. In 1 cadet 
the condition continued for 4 years and then cleared. 

The incidence in 20,000 freshmen at the University of Minnesota, 
using the nitric acid ring test, was studied by Diehl and Mclvinlay;'® 
1065 (5.32%) liad protein on tlie first examination, in amounts ranging 
from a trace (1-f-) in 841 to a heavy cloud (3 or 4-|-) in 64. On re- 
examination approximately three-fourths of those with a trace on 
entrance had become free, whereas of those with a heavy cloud, only 
6% had become free. The authors found, on comparing 455 protein- 
uric students with 480 protein-free controls, that the first group was 
“but little inferior physically” to the second. 

Using the heat and acetic acid test. Burden” studied a group of 
3642 students entering the University of Pennsylvania: 949 (26%) 
had proteinuria; 69.3% were positive on the first examination only; 
6.4% (61 cases) were tested for orthostatic changes, with positive 
results in 26. 

Of 4500 Viennese youths aged 14 to 17 examined by Nowak,®^ 26 
(0.8%) were stated to have nephritic proteinuria, and 524 (11.6%), 
the ’ intermittent type, though criteria and methods were not given. 
Nowak was unable to demonstrate any relationship between lordosis 
and proteinuria. There were 2 unusual cases who excreted proteinuria 
persistently, day and night, on repeated examinations, and never any 
sedimentarj’^ changes of nepliritis; both had some kyphoscoliosis and 
were placed in the non-nephritic group. Another boy, 14 years old. 
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diagnosed at the first examination as orthostatic proteinuria, had 
persistent albuminuria and cellular elements of nephritis a year later, 
with no known episode of acute nephritis intervening. 

After 25 years Bashford'* reexamined some 30 men who had Jiad 
proteinuria when 14 to 16 years of age. All were in good health; 
only 1 still had protein in the urine. There was 1 other case, a man 
who had died 7 years after the initial examination, of “acute neph- 
ritis.” 

Blatherwick^® reported on the urine findings in 15,000 employees of 
the Metropolitan Life Insurance Company (Kingsbury-Clark method), 
a group representative of the general population as regards age and sex 
distribution and state of health: 91.6% were negative, 3.3% had 
10 mg. of protein, and only 1.7% had 20 mg. or higher. 

In 1941, LyalP* reported on 20,000 men examined dming recruit- 
ment for the British Armed Services, using the Esbach test: 110 
(0.55%) had proteinuria. Of these, 31 exhibited no other findings; 
22 were classed as 'persistent albumimiria without evidence of nephritis, 
though 9 had hypertension or transitory hematuria; 14 men were 
classed as suhacide nephritis, 31 as chronic or sclerotic nephritis and in 
12 the source of the protein was distal to the kidnej'', in renal stone, 
cystitis, or urinary tract infection. 

In 1944, Murphy^^ reported that of 9994 men between the ages of 
T7 and 50 applying for em-ollment in the U. S. Navy, the incidence 
of proteinuria was 3%; 85% were designated as orthostatic, 13.7% as 
pathologic and 1.3% as undetermined in type. Orthostatic protein- 
uria occurred almost exclusively in the younger age groups, being 
5.1% in the 4517 who were 17 years old; no cases were discovered in 
men over 32. A seasonal variation was described, the highest inci- 
dence being in the summer months. “Postural defects were common, 
true lordosis or the lordotic posture being present in over 80% of the 
cases.” 

Another reason for giving a good prognosis to intermittent protein- 
uria is the rapid decline in its frequency with increasing age beyond 
adolescence. In Harvard freshmen of an average age of 18, protein- 
uria occurred in about 5 %, according to Lee,^® whereas in upper class- 
men, with an average age of 20, the incidence was but 3.5%. Diehl 
and McKinlay’s*® college freshmen were 5.32% positive, whereas 
MacLean’s^® group of soldiers, older in age, gave but 2.2% positive 
specimens. In Thorpe and Wakefield’s®® 100 Majm Clinic patients 
with age range 4 to 47 years, 26 were 12 years or less, 67 were between 
12 and 30, and only 7 were 30 or over. The average age was 18 years. 
In 64 cases of orthostatic proteinuria collected by Young, Haines and 
Prince^’^ from the Johns Hopkins Hospital files, the ages ranged from 
9 to 39 years, most being between 14 and 18 years. 

Still another reason is the experience of actual follow-up studies on 
individual patients. Palmer®^ tracked down 35 former college students 
who with the nitric acid ring test had once had proteimmia. After 
8 or more years but 2 still had traces of protein in the urine. Of 35 
others replying to a questionnaire 10 years after the original finding, 
none had symptoms of renal disease. 
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When Thorpe and Wakefield=>8 reexamined 64 ortliostatic cases after 
an average interval of 7 years, all but 1 were in good healtli. Of 
18 cases that had had persistent proteinuria ivitli an orthostatic 
increase, only 2 showed renal disease an average of 7.7 years later; 
the urine of the remaining 16 had become entirely negative. Nor did 
any of Lce’s=® students with proteinuria develop nephritis over a 
5-year observation period. Of 14 orthostatic patients followed by 
Young ct 4 were protein-free after 2 years, 6 after 3 years, 1 after 
6 years, and 3, 12 years later. 

Evers,-® in 1935, reported that insurees of the New York Life 
Insurance Company who had had proteinuria without casts or other 
evidences of nephritis, after 9 years sliowed no increase in mortality 
above normal expected levels. Similarly, Christiernin, Dublin and 
Marks,^® in a survey of policies issued by the Metropolitan Life Insur- 
ance Company from 1925 to 1935, and studied in 1937 and 1938, found 
no unusual mortality in otlicrwise normal proteinuric individuals, 
altliough when the proteinuria had been associated with hj’pertension 
or obesity the mortality was mucli above normal expectation. 

The figures for these large groups of normal individuals are not 
strictly comparable with each other, nor witli the data wliich follow. 
The populations studied have not been identical from the standpoints 
of race, locality, or age and sex distribution, and techniques of testing 
and criteria .taken to delimit proteinous from normal urine have been” 
far from uniform. Only Ashburn, Burden and Murphy endeavored 
to carry out specific postural studies. Tlie reports emphasize, never- 
theless, that uncomplicated proteinuria occurs much more frequently 
than does nephritis or other forms of kidney disease, and tliat it is 
primarilj’’ a transitory disturbance of youth. 

Thus, without denying that some individuals with intermittent 
proteinuria may have diminished renal function when standing in the 
lordotic posture,**® it seems clear that any “injury” of the kidney 
responsible for such proteinuria is minor and transitory and quickly 
recovered from. An essential distinction exists between temporary 
reversible dysfunctions and more chronic continuing disease states. 
To generalize from the evidence now at hand, when careful study 
reveals no signs of nephritis or urologic disease, particularly in a young 
subjeet, simple proteinuria of the intermittent type must be interpreted as 
a benign innocuous phenomenon. 

Clinical Material and Methods. The population group studied for 
proteinuria consisted of a consecutive series of 22,000 inductees 
received at the U, S. Maritime Service Training Station, Sheepshead 
Bay, N. Y., between Sept. 1, 1943, and June 1, 1944. These ivere 
fresh recruits drawn from all ranks and occupations of civil life. The 
majority came from the section of the United States bounded by the 
Rocky Mountains, Georgia and Canada. All were in supposedly good 
health on arrival, each enlistee having been examined and passed by 
Medical Officers in enrollment offices. Their ages ranged from 16 to 
50 years. Two-thirds were below 26 years of age; approximately one- 
half were 20 years of younger (Table 1). Their urine specimens were 
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collected for analysis about 24 hours following arrival, after breakfast 
or in the early afternoon, on a day free from undue physical activity. 


Table 1.— Distribution op 420 Proteinuria Cases 
(1.9% of 22,0.00 Apparently Healthy Trainees) 



No. of 

Distribution 
of 400 investi- 
gated cases 

Classification 

cases . 

(%) 

Intermittent 

. . 382 

95.5 

Continuous 

. . 7 

1.8 

Nephritic 

. . 8 

2.0 

Urologic 

. . 3 

0.7 

Total completely studied 

. . 400 

100.0 

Study not completed . 

. . 20 


Total 

. . 420 



Preliminary screening for proteinuria was carried out with Robert’s 
nitric acid-magnesium sulfate ring test. With this test a concentration 
of 25 to 30 mg. protein per 100 ml. of urine, read usually as “trace”* 
gives an opalescent ring of precipitated protein dense enough to be 
recognized without a black background. All protein-containing speci- 
ments positive at or above this threshold level were tested again with 
the Kingsbury-Clark^ quantitative technique, in which turbidity pro- 
duced by adding sulfosalicylic acid to urine is proportional to the 
quantity of protein present and can be measured against calibrated 
standards. This method is used by most insurance companies since 
it is peculiarly suitable for urines containing but small amounts of 
protein.^® 

Every man with proteinuria of 30 mg. or higher in the above initial 
examination was recalled. If later urines were negative further tests 
were not made, whereas if the proteinuria persisted for several succes- 
sive specimens a 24-hour “orthostatic exercise” test was performed, 
as follows: 

The bladder was emptied 1 hour after going to bed in the evening. Next 
morning, before rising, another urine specimen was secured. The subject then 
stook in the lordotic position for 30 to 45 minutes, leaning back at about a 
135° angle. After voiding a third specimen, he went about the usual training 
routine. No fluids were taken during this day (no water, tea, coffee, soft 
drinks, milk, soup and so forth) in order to secure information on renal con- 
centration power from the specific gravity dete rm inations. All specimens 
passed through the day were collected and tested individually. 

Subjects in whom proteinuria was present constantly even when 
lying down, or who exliibited abnormal sediments of red cells, leuko- 
cytes, or more than a few casts were admitted to the adjoining U. S. 
Public Health Service Hospital to be observed for nephritis or urinary 
tract lesions. 

* Terms used in recording “urinary albumin” tests vary greatly in different labora- 
tories. The scale of comparison recommended for the Army (Laboratory Methods of 
the United States Army, edited by J. S. Simmons and C. J. Gentzkow, Lea & Febiger, 
Philadelphia, 1944) reads as follows: 

Faint trace (±), less than 10 mg. per 100 ml.; trace (+), 10 to 40 mg. 

Small amount (-}-+), 100 mg.; moderate amount (+ -h-p), 200 to 300 mg.; large 
amount (-1- + + +), more than 500 mg. 
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Classification and Frequency of Proteimuia. In the initial spcciincns, 
420 of the 22,000 influctees (1.9%) pave urine protein concentrations 
of at Icfist 30 mg. ])cr 100 ml. Of these men, 20 were transferred or 
discharged from tlic Service before tlic studies could be completed. 
After diagnostic study the remaining 400 were classified as: (a) ivicr- 
7}uffc?i( proteinuria, .182 instances, (It) coniimiov.7 proteinuria witliout 
any associated changes, 7 instances, (c) ncphriiic proteinuria, 8 in- 
stances, and (rf) 7troIf)fiic proteinuria, 3 instance.s (O'able 1), O'Jic data 
are summarized in the ensuing paragrajdis, along with discussions of 
nosologic criteria, age distril)Utions, concentrations of urinary protein 
and noteworthy features eneounterod. 

Jiiir.rmHfcnl Prolrimnio. Under this licading liave been placed 382 
men whose urines were at times i)rotein-containing and at other times 
protein-frcc. None of tlicsc Iiad a history of antecedent nepliritis; 
all showed normal sediment in the urine on repeated e.xaminations and 
were free from hypertension and constitutional findings indicative of 
renal disease. 

Of these, 192 had protein and gave one or more protein-free speci- 
mens after the first jiositivc specimen. The urine protein concentra- 
tions varied from 30 mg. to 3.50 mg, per 100 ml., witli a mciin of 65 mg. 
89 others had protein in 2 or more successive random specimens, and 
then gave negative tests thereafter; tlieir range of protein concen- 
tration spread up to 400 mg. per 100 ml. with a mean of 70 mg. With 
a few of these men some transient irritative stimulus .such ns an acute 
infection or pliysical strain or the excitement accompanying the change 
from civil to barracks life may have evoked a brief period of protein- 
uria. W’ith others albuminous fluid from seminal vesicles, prostate or 
urethra may have contaminated the urine transiently. With most, 
however, if not all, the proteinuria would undoubtedly Imve been 
found to be recurrent and remittent if they had been observed over a 
continuous 24 hour period, as were those described in the next para- 
graph. 

The remaining 101, after passing 2 or more positive specimens, were 
subjected to the “orthostatic” exercise routine of stud}’. Every one 
was found to exliibit proteinuria at least once during this 24 hour 
observation period. In 83 of these the proteinuria conformed in gen- 
eral with the accepted criteria for orthostatic albuminuria: IWien they 
were lying down the urine was protein-free; when upright or lordotic, 
proteinuria was constant or intermittent. In the other IS the urine 
was protein-free during the daytime hours, but contained small 
amounts of protein in tlie night urine, with a definite rise after taking 
the lordotic exercise. Of the wliole group, 6 had intermittent excre- 
tion of protein in one 24 hour period, but some days later when the 
test was repeated gave an entirely negative series of specimens. 

The concentrations of protein in the urine of these 101 men varied 
widely, the values for single specimens ranging from 10 to 3000 mg. 
per 100 ml. urine. The averages for the protein-containing specimens 
of each subject per 24 hours had extremes of 15 and 545 mg., and a 
grand mean of 74 mg. per 100 ml. Nine individuals produced single 
specimens containing more than 200 mg. of protein per 100 ml. 
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The above figures were gathered while the fluid intake was restricted 
as recommended by Derow.^® Every subject was able to excrete mine 
of high specific gravity, showing that the concentrating power of such 
proteinuric kidneys was not impaired to any extent. The range for 
the individual maximum specific gravity figures was 1.025 to 1.034, 
with a mean of 1.029. 

These 382 subjects seemed to possess the clinical variety of protein- 
uria best called intermittent, though known also as physiologic, peri- 
odic, postural, orthostatic, orthotic, lordotic, cyclic, juvenile and so 
forth.^^’^®'“'®®’^^ The condition is fairly common during childhood, 
attains maximum incidence in adolescence and then declines in fre- 
quency as adult matmity is reached.^® The present series (Table 2) 
demonstrates the latter half of this cycle. At 16 years of age the 
incidence was highest, 4.6%; at 17 years, it became 3.08%; at 18, it 
was down to 1.61%. 


Tabi.e 2. — The Age Factor as Related to Proteikdria (400 Cases) 






Intermittent 





Tota! 


Age 

No. of 



%of 

Con- 

Neph- 

Uro- 



%of 

(yrs.) 

trainees 

No. 

age group 

tinuous 

ritic 

logic 

No. 

age group 

16-20 . . . 

11,822 


300 


2.54 

1 

4 

3 

308 


2.61 

16 . . 


2632 


121 

4.60 


1 



122 

4.64 

17 . . 


1948 


60 

2.08 


1 

1 


62 

3.18 

18 . . 


5208 


95 

1.61 

1 

2 

2 


100 

1.92 

19 . . 


1167 


16 

1.37 





16 

1.37 

20 . . 


867 


8 

0.92 





8 

0.92 

21-25 . . . 

3,719 


27 


0.73 

1 

3 


31 


0.83 

26-30 .... 

3,798 


28 


0.74 

3 



31 


0.82 

31-35 .... 

2,127 


17 


0.80 

2 



19 


0.89 

Over 35 . . . 

534 


10 


1.87 


1 


11 


2.06 

Totals . . . 

22,000 


382 


1.74 

7 

8 

3 

400 


1.82 


None of these subjects had undernutrition or a skeletal deformity, 
and all had satisfactorily passed the thorough physical examination 
required for entry into the Maritime Service. The Station orthopedist* 
compared the habitual position of the spine in a series of 100 inter- 
mittent proteinuric trainees with an equal number of non-proteinuric 
trainees, and failed to uncover any differences between tlie two groups 
in the incidence of lordosis and other postural faults. The amount of 
lordosis of the lumbar spine was determined clinically by means of 
inspection and palpation, using arbitrary symbols 1+, 2-}- and so 
forth as criteria of comparison. The data when tabulated were as 
follows: 


Amount of lordosis of lumbar spine: 

0 

1 + 

2 + 

3-b 

4-f 

Total 

Controls 

46 

31 

15 

6 

2 

100 

Intermittent proteinuria .... 

'41 

26 

19 

12 

2 

100 


Thus the control group had 54% with lordosis and the proteinuria 
group had 59 % with lordosis. When rearranged into groups according 
to severity of lordosis, no significant 'difference was evident between the 
proteinurics and the controls. These observations do not controvert 

* Dr. Renato Ricca, Asst. Surgeon, IJ. S. Public Health Service (Reserve) . 
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the well-established pathogenetic relationsliip wliicli can exist between 
lordosis and proteinuria — indeed, most of the present group of cases 
excreted more protein when placed temporarily in the lordotic position. 
Instead, they demonstrate that with non-lordotic individuals other 
factors can e.\'citc escape of protein into the urine. 

For the reasons given in the preliminary discussion all inductees 
liaving such uncomplicated intermittent ijrotcinuria were permitted 
to proceed in training without restriction. 

In passing, it is of interest to record that witli many men Avho 
exhibited proteinuria during and immediately after the “orthostatic 
exercise,” the clearing of the voided specimens took place gradually and 
stepwise when they were made to lie down after spending .30 to 45 min- 
utes in the lordotic position. In successive specimens collected at 
30 minute intervals traces of protein were i;i a few instances still 
present after 3 hours. This lag in disappearance of the protein was 
probably due to incomplete cmptyiiig of the bladder during voiding, 
permitting some of the earlier lordotic urine to remain and mix with 
later recumbent urine flowing in from the ureters. The factor of 
incomplete bladder emptying was not considered in a recent recom- 
mendation” for quick clin'ercntiation of albuminuric Army inductees 
by collection of but 2 specimens, 1 immediately after lordotic exercise, 
the second, hour later. 

Murphy®- very recently has reported that proteinuria in his scries of 
Navy applicants was more frequent in July and August than later in 
the year. To check his observation this Station’s figures for the 
months of June through September 1944 were reviewed. The fre- 
quency^ of proteinuria for all new trainees, c.xpresscd in round numbers, 
was as follows; June, 2.G%; July, 5.2%; August, G%; September, 
3.5%. The distribution of the new trainees as regards the age factor 
w’as approximately the same for each of these months. It did not 
seem wise to draw conclusions for earlier than June, inasmuch as the 
Station, prior to that month, had not taken in men under 18 years of 
age in appreciable numbers, whereas from June 1 onward nearly 75% 
of the inductees were younger than 18 years. These limited data, so 
far as they go, substantiate Murphy’s finding. The phenomenon of 
seasonal variation seems not to have been reported' heretofore; no 
doubt it is related in some way to the almost universal production of 
urine of high specific gravity and reduced volume during the lieat of 
the summer. 

Coniimmis Proieinuria. Seven men had protein in all specimens 
collected. Five were 25 to 27 years of age, 1 was IS and 1 was 31. 
Two were moderately overweight; the others were slender. None 
gave a history of antecedent nephritis. One had a weak positive 
serology titer for syphilis, without any clinical signs of the disease. 
One patient, aged 26 years, when subjected- to 5 separate 24 hour 
"orthostatic” studies had protein in all but 2 sporadic specimens 
collected on different afternoons. Another patient’s proteinuria had 
been first recognized 7 years earlier. Blood pressures and other find- 
ings were normal in all. In single specimens the range of protein 
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extended from a minimum concentration of 10 mg. to a maximum of 
600 mg. per 100 ml. Recumbent values were not much lower than 
those during activity. The mean figures for all the tests on each 
individual were, in increasing order, 45 mg., 51 mg., 51 mg., 56 mg., 
81 mg., 216 mg., 250 mg.* A few white cells and hyalin casts were 
found sporadically in the urine of each. On concentration tests, 4 pro- 
duced urines of 1.030 specific gravity, 1 attained 1.025, 1 was 1.021 
and 1 was not tested. Renal function tests showed no noteworthy 
impairment. Addis sediment counts done repeatedly on the urines 
of 5 of the 7 proved normal in every instance. Intravenous pyelo- 
grams performed on 5 showed normal uteropelvic patterns. 

Because of the suggestion®’®'*® that alkalinization of the urine may 
clear the urine in functional but not in nephritic proteinuria, sodium 
bicarbonate was administered to 2 subjects. Their proteinuria ceased 
temporarily to recur as soon as alkalinization was stopped. Enough 
exceptions occur both ways^*’*^ to negate the value of this phenomenon 
as a diagnostic test. 

Since these 7 men with continuous proteinuria showed no indications 
of renal dysfunction apart from the proteinuria, and since there were 
no other data to connote antecedent nephritis or latent chronic renal 
disease, they were permitted to proceed with training and to go out 
to sea on merchant vessels. Inasmuch as recruits remain at this 
station but a relatively short time— 1 to 5 months— no opportunity 
exists for observation of the ultimate outcome of their proteinuria. 
Murphy** found 4 apparently similar instances among 9994 Navy 
recruits. These were all 17 years of age; displayed proteinuria not 
affected by postural changes; and had no other noteworthy features. 

No evidence was encountered to suggest that kidneys which leak 
protein are unusually susceptible to the toxic agents that induce 
glomerulonephritis. MacLean*® had found the distribution of “ trench 
nephritis” to be no higher among troops who had exhibited a positive 
protein test earlier in the campaigns than among those whose urines 
had been negative. A similar generalization may be drawn from the 
present study. Of 27 cases of acute glomerulonephritis and 7 cases 
of acute pyuria which developed among the 22,000 recruits subsequent 
to entry on the Station, not one single instance came from the group 
of 420 individuals who had manifested proteinmia in the initial arrival 
urinalysis. 

Nephritic Proteinuria. The diagnosis of mild or latent nephritis 
was made in 8 instances. All had mild hematuria and abnormal 
quantities of red cells and casts in Addis counts. All showed protein 
in every specimen examined, including those collected while recumbent. 
Several had diminished phenolsulphonephthalein excretion, slight ele- 
vations of blood pressure, and other evidences of impaired renal 
function. In age, 7 were between 16 and 24 years; the eighth was 
37 years old. The concentration of urinary protein per 100 ml. in 
their admission specimens were, respectively, 30 mg., 40 mg., 75 mg., 
200 mg., 200 mg., 280 mg., 375 mg., 725 mg. 

On physical examination these subjects did not appear ill and were 

*See footnote, page 91. 
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unaware of the existence of tlie renal lesions. Diagnosis of the exact 
kind of nephritis was not feasible in view of tlic absence of opportunity 
for long-range follow-up of their progress. However, these men were 
all given discharges from the Maritime vScrvice by the jMedical Board 
because of the probable cJironic nature of the condition and the possi- 
bility of serious complications which might interfere with training and 
later sea duty. 

Urologic Proicimiria. TJiree disturbances in the realm of urology 
were uncovered by the initial urine examination. There was 1 case 
of acute cystitis and 1 of gonorrheal urethritis, both of which cleared 
under treatment; and 1 case of liydronephrosis wliich was discliarged 
from the Service. ^Yith each of these the entrance urine specimen 
contained but a trace of protein, 30 mg. per 100 ml. 

In Summary. Of a total of 400 recruits studied for proteinuria, 
3S2 had the benign intermittent type and 7 the continuous type, prob- 
ably benign; 8 liad asymptomatic nepl)ritis; 3 l)ad urologic disturb- 
ances. Only the 7 nephritis cases and 1 urologic case were discharged 
from the Service; with the remaining 392 (98%), the proteinuria was 
adjudged no handicap to training. The other 20 men in the full 
scries of 420 were not adequatelj'^ studied. 

Concentration of Protein in the Urine. It is, of course, well known that 
nephrotic patients and those ill with acute or severe nephritis may 
show high concentrations of urinary protein, from 1 to 5 gm. per 
100 ml., or higher. However, as already discussed, in the milder forms 
of organic renal disease the levels may be lower, and usually are, 
ranging down to complete absence of protein when the subject is 
recumbent. The protein then appears only with change from the resting 
position. 

Physicians often inquire whether one can utilize the information 
concerning the amount of protein in one random sample of urine as an 
aid in diagnosis. Since the present group of cases is apparently the 
first large series in which the protein content of single specimens has 
been scored in direct quantitative measurements rather than by the 
crude and confusing “number-plus” system, it is of interest to review 
the data from this standpoint. The findings are tabulated in Table 3, 
along with the ranges and mean concentrations of protein as encoun- 
tered in continuous, nephritic and urologic proteinuria. The 3 uro- 
logic cases had a mean of 30 mg. per 100 ml.; the intermittent cases, 
70 mg. per 100 ml.; the continuous cases, 107 mg.; and the chronic 
nephritis cases (admission urine) 240 mg. 


Table 3. — Concenthation of Photein in Urine With Different Tyfeb 


Classification 

Intermittent .... 

Continuous 

Nephritic (initial specimens) 
Urologic 


OF Pkoteinubia 

Obscn'cd rnnse 
of individuol 
specimens 

Meon 

No. of 

(mg. per 

(ms. per 

coses 

100 ml.) 

100 ml.) 

. . 382 

10-3000 

70 

. . 7 

10- GOO 

107 

1 . . 8 

30- 720 

240 

. . 3 

30- 30 

30 


Thus the magnitude of the concentration of protein in a single speci- 
men of urine is unreliable as a major criterion for distinguishing among 
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the various types of proteinuria. Indeed, the specimen richest in pro- 
tein encountered in this study (3000 mg. per 100 ml.) came from a 
19 year old with inconstant proteinuria, whereas 3 of the 7 cases of 
nephritis had protein concentrations on admission which were as low 
or lower than the grand mean value for the intermittent group of cases. 
Viewed statistically, however, the most serious disturbance had the 
highest average value. 

In chronic nephritis, Berglund, Scriver and Medes®'®’^® noted the 
rate of protein excretion to be independent of fluid intake and output, 
urine specific gravity or urine protein concentration, though a tempo- 
rary increase may follow a change from rest to active walking, or a 
more permanent rise accompany the change from a low to a high pro- 
tein diet. In other words, under constant conditions of physical 
activity the protein excretion per hour remained about the same regard- 
less of whether there was a diuresis or a highly concentrated oliguria. 
Hence it is not possible to estimate the total daily excretion of protein 
from the amount in a single urine sample, unless the rate of urine 
secretion is known also. In acute nephritis, on the other hand, Berg- 
lund and Frisk® and Bing^ have noted that the proteinuria is subject to 
quick inexplicable changes, irrespective of diet, particularly in the 
direction of improvement. 

Many life insurance firms^® now no longer refuse policies to prospec- 
tive policyholders who are in good health apart from small quantities 
of protein in the urine. The threshold level has been set at about 
50 to 75 mg. of protein per 100 ml. of urine to delimit “harmless” 
from “suspicious” proteinuria, the precise figure varying with different 
companies. The errors inherent in the use of such arbitrary limits are 
obvious from the preceding discussion: many subjects with benign 
intermittent proteinuria come above these values, occasional mild 
nephritis cases produce protein concentrations below 50 mg. per 100 ml., 
and by rest, forcing fluids and ingestion of alkali a canny applicant 
can temporarily reduce a moderate albuminuria of whatever etiology 
to a low level or make it disappear altogether. 

Reliability of One Urine Analysis for the Detection of Proteinuric Dis- 
orders. A so-called routine urinalysis is an essential component of any 
good physical examination. One purpose of this test is to detect 
manifestations of renal disease and related disorders. 

The records of the 22,000 trainees have been scrutinized to ascertain 
the trustworthiness of a single urine examination as a screen for the 
detection of nephritis, urologic disorders, and benign proteinuria. 

Nephritis. The routine admission urine analyses brought to light 
8 cases of nephritis, all mild, sj'^mptom-free and unsuspected. During 
the subsequent 1 to 5 months that the 22,000 recruits remained on the 
Station for training, not another instance of preexisting nephritis came 
to the notice of the medical staff even though at one time or another 
nearly every man had occasion to seek medical service either in his 
barracks sick-bay or at the base hospital. Mention has already been 
made of the 27 men who became ill with'acute postinfectious glomerulo- 
nephritis during their training; not one showed protein in the original 
urine specimen collected on arrival. 
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Inasmucli as protein escapes almost continually into the urine 
during nephritis, any one urinalysis carefully done should reveal its 
presence. Only wlicn a patient lias nearly recovered from an acute 
attack or is in a subelinical phase of long-standing chronic glomerulo- 
nephritis docs the proteinuria of nephritis become irregular and incon- 
stant; in those exceptional cases erythrocytes and casts in tlie sediment 
are present to indicate the diagnosis. 

LroJogic Di.'iiurhunrn. Only 3 sucli easc.s ivere caught by the initial 
screening test. TiUter, during training, ] 7 other subjects came forward 
with major urinary tract disorrlens which must liave been existent on 
arrival, though their initial examinations were negative. Three of these 
had infected hydronephrosis, .5 had major anomalies of one kidney, 
usually with associated infection, 4 had disturliances of the ureters or 
bladder, anti o had renal calculi. Most of the infection cases had to 
be di.schargcd and sent home. Thus it is obvious that urologic lesion's 
will often be missed if reliance is placed on a single urine examination. 

Benign Prokinnria. Of the 22,000 men, 1.8% exhibited benign 
proteinuria in the initial .specimen. 2.5% were 18 years old or younger, 
and the age f.actor played a significant role. Some had exhibited but 
1 positive specimen followed by 1 or more iiogatives, whereas others 
had shown 2 or more proteinous .specimens before negative ones were 
secured. It was noted further that the intenhittency or inconstancy 
of the proteinuria is one cardinal urinologie difference between this 
kind of proteinuria and active nephritis. The question naturally 
arises, how often would this fluctuant disturbance escape detection in 
a single routine urinalysis? 

To get a truer picture of the frequency of proteinuria in healthy 
men, a more intensive study* was carried out on a group of 110 train- 
ees. Over a 5 day period 8 separate urine specimens were collected 
from each, at noon and late afternoon for 3 days, and then on the 
following days at noon. During this e.xpcriment the men were physi- 
cally active, occupied with drill, swimming and busy work assip- 
ments. Sixt^^-six were 1 6 years old ; the age distribution of the remain- 
der paralleled roughly that of the basic population of 22,000. Not one 
had had 'protein in the initial specimen collected at the beginning of 
training. 

Tabulation of the 8 analyses yielded an unexpected high frequency of 
proteinuria. Of the 110 men, 62 (56%) produced at least 1 protein- 
containing specimen, and 14 (13%) liad protein in more than half of 
the specimens collected. The exact figures were; 


positive Negative Instances 

8 0 2 

7 1 3 

0 2 2 

5 3 7 

4 4 11 

3 5 7 

2 6 9 

1 7 21 . 

0 8 48 


* These determinations 'wore done with the photo-electric colorimeter, which adapts 
itself most efficiently to the measurement of precipitation turbidity. 
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The occurrence of positive tests was not significantly higher for the 
16 year old fraction of the group than for the more mature trainees. 
The highest protein-containing specimen had a concentration of 
328 mg. per 100 ml. and there were 9 others over 100 mg. per ml. 
However, the great majority of the readings fell in the 20 mg. to 
60 mg. zone, the over-all mean being 52 mg. per 100 ml. The bulk of 
the readings thus corresponded to i -f- in the semiquantitative code for 
recording protein in urine. The microscopic examinations were all 
negative. Typhoid vaccine inoculations received in the middle of the 
week of study did not evoke a wave of proteinuria. 

Thus, if 62 of 110 men, even though the majority are youthful, will 
display proteinuria once or oftener when studied with multiple urin- 
alyses, then obviously intermittent-proteinuria is much more prevalent 
in the general population than indicated bj’- text-book statistics com- 
piled from random single tests. 

To conclude, a random urine specimen can he depended upon nearly 
always to bring to light active nephritis if present, since in this disease, 
save in a feio exceptional phases, protein and pathologic sediments are 
being excreted constantly day and- night into the urine. - In contrast, 
chronic urologic disturbances and benign intermittent proteinuria are 
subject to frequent intermissions. To establish their presence or absence 
one needs a fair number of specimens collected dtiring different stages of 
physical activity. 

Summary. Urine examinations performed on 22,000 presumably 
healthy American men entering the U. S. Maritime Service revealed 
proteinuria in 420 (1.9%). In most instances, representing 1.7% of 
the original group, the proteinuria was intermittent or “orthostatic,” 
with incidence highest at age 16. 

The remaining cases in the series had either continuous proteinuria 
due to no elicitable cause, or mild unsuspected nephritis, or urologic 
disease. 

Review of the cases and of the observations on record indicates that 
intermittent proteinuria in the age period covered is a harmless benign 
condition, provided there are no associated clinical or urinarj'- changes. 

In the study of disturbances accompanied by proteinuria, the con- 
centration of protein in random specimens of urine is not helpful as 
a diagnostic guide. 

In random urinalysis of single specimens nephritis will usually 
reveal itself. But more cases of urologic or benign intermittent protein- 
uria will be missed than caught. 
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There exists a considerable amount of knowledge relatit'C to the 
ECG’s effect of myocardial damage involving either the epicardium 
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alone or the entire cardiac wall. Until recent years, no intensive 
study of the ECG effects of lesions confined to the deeper layers of 
the myocardium had been carried out, but recently efforts have been 
made to clarify this phase of electrocardiography. 

Boyd and ScherP (1940) in 17 experiments on dogs scarified the 
inner surface of the left ventricular apex with a sound introduced 
through the left auricle. No striking modifications in standard lead 
ECG’s occurred after this procedure. The maximal effects were repre- 
sented in a series of tracings in which there was a slight depression of 
the RS-T segment in Leads II and III and a reversal in the direction 
of the T wave in all 3 standard leads. Even these changes disappeared 
within 6 minutes. 

Kisch, Nahum and Hoff® (1940), on the basis of experiments in which 
potassium chloride was applied to the surface or injected into the mus- 
cle layers of the hearts of dogs, cats and rabbits, suggested that “The 
magnitude of the ECG changes following injury to the heart is almost 
entirely conditioned by the nature, extent and location of the surface 
involvement. It is possible that the electrical activity of the ventricles 
is a phenomenon ivhich is determined largely by the surface of the 
heart.” 

Robb and Robb'^’® (1939) suggested that injury to a specific muscle 
bundle produces characteristic alterations in standard lead ECG's. 
Infarction of a specific muscle bundle has ECG consequences of a 
similar nature regardless of yRether the injury to the muscle bundle 
involves its deep or superficial portion. These workers concluded that 
distribution of segmental elevation or depression among the standard 
lead tracings defines the muscle bundle which has been the site of 
injury. 

On the basis of clinical observations, blaster, Gubner, Back and 
Jaffe® suggested that “myomalacia following coronarj'^ insufficiency 
differs as a rule from that following coronary occlusion by its focal 
and disseminated character and by its localization in the subendo- 
cardium and papillary muscles of the left ventricle” and that “the 
electrocardiogram of acute coronary insufficiency with infarction is 
characterized by the presence of a depressed RS-T segment and flat- 
tening or inversion of the T wave in 2 or more leads.” And finally, 
“ The presence of a depressed RS-T segment in acute coronary insuffi- 
ciency is attributed to the subendocardial localization of the infarction.” 

For several years in articles on varying subjects, Wilson and asso- 
ciates® recorded observations on the contribution of the deeper 
layers of the myocardium to the ECG. Two of their conclusions 
follow: In direct leads from regions in which the inner layers of muscle 
were dead or had been replaced by scar tissue and in which the outer 
layers were still living and responding to the excitatory process, the 
QRS group was characterized by specific changes in that portion pre- 
ceding and including the intrinsic deflection. The RS-T segment was 
not displaced. On the other hand, Wilson and associates observed 
that when a sharp electrode was thrust through the ventricular wall 
into the ventricular cavity, and thence into the subendocardial muscle 
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of the dorsal wall of the heart, the resulting curves manifested essen- 
tially the same pronounced shifts of llS-T segment .as occurred when 
the same type of electrode was introduccfl into the cpicardial layers of 
the lieart. 

These several reports have no striking conformity. In 3 of them, 
the conclusion is that deep myocardial le.sions produce either no change 
in the standard lead EC(1 or the minor and relatively non-specific 
alterations represented in slight depression of the RS-f segment and 
flattened or inverted T waves. 

Purpose of Study. Our own attempt to define EGG changes that 
could be regarded as characteristic of le.sions limited to the deeper 
layers of the myocardium was not undertaken in an effort to confirm or 
disprove any of the foregoing views. Rather, we wi.shed to know 
whether large areas of myocardial damage could e.\'ist without EGG 
changes of a specific, constantly recurring type. If lc.sions of this kind 
occur, a likely site for them is in the subendocardial laycns. 

Method. Trmimnlhing InMntmcnt. The difiiciiltic.s of producing a lesion 
confined to the sniicndocnrdiai myocardium arc oI)vions. Although several 
mctiiods wore tried, an entirely satisfactorj* technique was not devised. The 
mechanical mctliod finally was selected principally because it appeared to 
alTord the only ajiproach tliat permitted relatively exact localization of lesion.?. 
The method has apparent limitations, but if these arc recognized the inherent 
error is not sufficiently great to invalidate the conclusions. Our original 
intention wa.s to study the ECG effects of deep injuries in both the acute 
and chronic phase.?; however, experiments of long duration were abandoned 
because of limitations of the method. 

The traumatizing instrument consisted of a piece of piano wire with a coil 
of one and a half loops at the end. _ The shaft of the wire was nin through a ' 
Lucr-lAJk needle. To produce a lesion, the coiled portion of the traumatizing 
instrument was directed into the apical portion of the left ventricle, much as a 
corkscrew would be driven into a cork. At the conclusion of this initial stage 
the curved portion of tiic instrument lay free in the ventricular cavity. 63’' 
altering .slight!}' the direction of the shaft and allowing it to move tlirough the 
hilt toward the ventricular cavit}', fibers of the sulicndocardial niyocardium 
could be caught in tlic revolving loops of the spiral. Gentle traction applied 
to the shaft usually produced tearing of the fibers enmeshed in the spiral. 
The greatest single' difficulty, as a rule, was encountered on attempting to 
withdraw the traumatizing instrument. This hazard developed as a result 
of entanglement of partially severed strands of endocardium in the coils of the 
instrument. In most instances, little bleeding occurred after Avithdrawal of 
the wire and usually this was controlled readily Ijy digital pressure over the 
bleeding point. 

Malcrial. Fiftv-nine dogs varying in weight from 3 to 57 kg. Avere used. 
The majority of 'the experiments Avere performed on medium sized animals 
Aveighing between 10 and 20 kg. The fact that ECG's of dogs exhilrit signifi- 
cant spontaneous A'ariations from da}' to day is Avell recognized; hoAvever, such 
A'ariations AA'cre not obserA'cd in experiments of a fcAV hours duration in Avhich 
the animals Avere maintained in a fixed position. 

Ancsihdic Agent. Anesthesia aa'.us induced Avith pentobarbital sod- 
ium administered intraA'enously, 25 mg. per kg. of body Aveight usually 
was adequate to induce anesthesia of sufficient degree for a surgical 
procedure. In order to maintain anesthesia, further pentobarbital 
sodium Avas gh'en either intraA'enously or subcutaneously. That the 



PRUITT, BARNES, ESSEX: ELECTROCARDIOGRAPHIC CHANGES 103 

induction of anesthesia in dogs by use of pentobarbital sodium pro- 
duced no significant changes in the ECG is indicated by the carefully 
controlled experiments of Betlach^ and bj^ our own experiments in 
which ECG’s were made before and after anesthetization. 

Procedure. The dog was laid on its right side. The thoracic cavity was 
entered by an incision through the sixth intercostal space. At this time artifi- 
cial insufflation was instituted and maintained throughout the remainder of 
the experiment. A small opening was made in the apical pericardium, but 
an attempt always was made to maintain the major attachments of the peri- 
cardium so that the preoperative relationships of the heart were disturbed as 
little as possible. 

An effort then was made to produce a deep lesion by using the spiral wire 
technique previously described. Usually the entire procedure was performed 
in 1 to 2 minutes. If it appeared unlikely that an adequate lesion had resulted 
from the first attempt, the entire procedure was repeated, usually about 1 hour 
after the initial attempt. 

Electrocardiograms. With an ECG (Sanborn cardiette) so standardized 
that a current of 1 mv. produced a beam deflection of 1 cm., ECG's were taken 
at the following times; (1) after anesthesia, with the dog fixed in the position 
to be maintained throughout the remainder of the experiment; (2) after open- 
ing the chest and apical pericardium; (3) immediately after traumatizing the 
heart or carrying out any control procedure; and (4) at varjdng intervals 
thereafter. 

Results. The results, w'hich we regard as significant, were obtained 
only after use of precordial leads was begun. It is regrettable that in 
our earlier experiments records were obtained only with the standard 
leads. In the 59 experiments on dogs, at least 1 precordial ECG was 
obtained in 25. In this latter group, the exploring electrode was 
placed at one or at several positions over the precordium. In all 
cases in which anj'’ precordial lead was used, tracings were obtained 
with the exploring electrode over the cardiac apex and the indifferent 
electrode on the right foreleg. Connections were so made that a posi- 
tive potential at the exploring electrode resulted in an upward deflec- 
tion of the galvanometer beam. This apical lead is comparable, 
therefore, to the apical IV-R lead in human electrocardiography. 

Of the 25 experiments in which at least 1 precordial ECG was 
obtained, all but 3 are included in this analysis. In 2 of those excluded, 
the cardiac lesions Avere small and the ECG changes were minimal. 
The results are represented adequately in the earlier phases of certain 
of the more satisfactory experiments in wdiich the final lesion was 
achieved in 2 or 3 stages. The third experiment was discarded because 
the dog died before satisfactory ECG’s could be obtained. With 
these exceptions, the followfing results are the product of 25 consecutive 
experiments. 

Changes in the QRS Complex. Alterations of significant degree in 
the form of the QRS complex in the apical R^-R lead occurred in each 
of the 22 experiments (Table 1). Many of the following measure- 
ments were made on ECG’s taken at or near the end of the experiment, 
sometimes several hours after final traumatizing procedures had been 
performed. These data, therefore, indicate trends of change rather 
than instantaneous developments. 
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Table 1 . Changes in the Q, R and S Waves Afteb Damage to the 
Deeper Layers of the Myocardium 
(Apical IV-R Lead) 


Height of R wave (mm.) Depth of Q wave (min.) Depth of S wave (mm.) 


Dor 

No. 

1 . 



Pre- 

trauma 

. IS 

Post- 

trauma 

4 

Pre- 

trniinia 

0 

Post- 

trnnma 

0 

I’re- 

Iniuina 

2 

Po.st- 

trauma 

3 

2 



. 17 

4 

0 

0-1 

4 

13 

3 . 



. 15 

<1 

0 

0 

G 

3 

4 . 



. 12 

1 

0 

0 

4 

3 

5 . 



. 20 

3 

0 

0 

12 

9 

0 . 



. 17 

1 

0 

0 

0 

11 

7 . 



. 19 

2 

0 

0 

2 

4 

s . 



. 11 

■ 1 

0 

0 

4 

5 

9 . 



. S 

<1 

0 

0 

0 

4 

10 . 



. 12 

1 

0 

0 

9 

15 

11 . 



. 12 

o 

0 

0 

3 

10 

12 . 



. 13 

2 

0 

0 

2 

3 

13 . 



. 14 

1 

0 

0 

c 

10 

14 . 



. 14 

0 

0 

0 

0 

4 

16 . 



22 

3 

0 

0 

3 

7 

10 . 



. 23 

2 

0 

0 

2 

7 

17 . 



. 12 

23 

0 

4 

0 

0 

IS . 



. 14 

17 

0 

0 

2 

0 

19 . 



. IS 

9 

0 

0 

2 

0 

20 . 



. 15 

8 

0 

0 

5 

0 

21 , 



. 10 

0 

0 

4 

<1 

0 

22 



. 30 

7 

0 

3 

2 

0 


Diminution in the height of the 11 wave after infliction of deep trauma 
was the change fnost commonly noted (Figs. ], 2, 3, 4 and 5). In no 
instance was the lieight of tins wave before trauma less tlian 8 mm.; 
it averaged 15 mm. After myocardial injury, its height decreased to 
a level less than 4 mm. in IG of the 22 experiments. In 10 of the 
16 instances in which the R wave diminished in height, the S ivave 
became deeper. In onlj’’ 3 experiments was this increase in depth 
more than 5 mm. Concerning the other 6 of the 22 experiments, the 
R wave became shorter in 4 and higher in 2. In every instance in 
these 6 experiments the S wave disappeared completely and either a 
notch on the upstroke of the R wave or a Q deflection de^"eloped. 

Significant widening of the QRS complex after infliction of deep 
trauma occurred in 2 experiments. In 1 instance (Figs. G and 7) this 
complex in control tracings measured 0.04 second and after trauma 
0.08 second, and in the other, 0.05 second and 0.07 second, respectively. 

Increased depth of the Q wave in Leads II and III occurred in 7 of 
the 22 experiments. The Q wave in the control tracings was absent in 
only 2 of these 7 instances. The greatest increase in depth was 5 mm. 
The significance of this alteration is reduced by the inconsistency of 
the presence and size of the Q wave in the control tracings and the 
relatively minor increase in the depth of this Avave following trauma. 

Changes in the form of the QRS complex in Lead I were noted fre- 
quently. However, the amplitude of the deflections in this lead ivere 
invariably small, significantly altered by respiratory movements, and 
consequently the changes ivere difficult to interpret. 

Changes in the RS-T Segment. Significant elevation of the RS-T 
segment occurred in only 2 of the 22 experiments. In 1 of these, an 
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unusual amount of surface damage was present. In the other, the deep 
lesion extended close to the surface of the posterior wall of the left 
ventricle. However, in 34 earlier experiments not included in this 
survey, 3 instances of segmental elevation occurred. In at least 1 of 
these, no unusual degree of surface damage could be identified. 



Fig. 1.— Dog 14. Roman numerals and capital letters represent the leads, a, 
Control after anesthesia; 6, control after opening the chest and pericardium; c, 10 a.m., 
5 min. after the first attempt at deep trauma (this lesion probably involved the posterior 
septum and the posterior papillary muscle) ; d, 10:35 a.m.; 40 min. after the first attempt 
at deep trauma; e, 10:57 a.m., 5 min, after the second attempt at deep trauma (this 
lesion probably extended anteriorly across apical septum onto wall of apical portion of 
left ventricle anteriorly) ;/, 11:50 a.m., 5S min. after the second attempt at deep trauma; 
g, 1:45 p.m., 2 hrs. 50 min. after the second attempt at deep trauma; h, 3:15 p.m., 4 hrs. 
25 min. after the second attempt at deep trauma; i, 3:40 p.m., immediately after a super- 
ficial burn was made over an area 2 by 2 cm. on the apex of the left ventricle anteriorly; 
j, 4 P.M., 20 min. after burn; I:, 4:40 p.m., 1 hr. after burn; 1, leads from right border of 
sternum (CRi) at level of apex and from point 5 cm. to left of sternum at level of apex 
(CRe) taken at 3;15 p.m. 

Mien segmental elevation occurred, it usually attained its maximal 
degree in about 30 minutes and then gradually receded over a period 
of several hours. The diminution in segmental elevation was asso- 
ciated with the development of a deeply inverted T wave. An excep- 
tion to this usual course of development occurred in 1 experiment, in 
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change occurred in 13 of 22 experiments. In the remaining 9 ex- 
periments the form of this portion of the ECG was unchanged. 

Deep inversion of the T waves in Leads II and III occurred in those 
2 instances in which the QRS complexes in these leads were increased 
in height and width. 



Fig. 3. — Dog. 13. Eoman numerals and capital letters represent the leads, a. 
Control after anesthesia; b, control after opening chest and pericardium; c, 11 a.si., 
immediately after the first attempt at deep trauma via apex anteriorly; the entire 
lesion was produced at tliis one attempt; relatively little bleeding ensued; d, 12 noon, 
1 hr. after the first attempt at deep trauma; e, 12:45 p.m., 1 hr. 45 min. after the first 
attempt at deep trauma; /, 1:40 p.m., 2 hrs. 40 min. after the first attempt at deep 
trauma; p, 4:30 p.m., 5 hrs. 30 min. after the firstattempt at deep trauma; h, 4:30 p.m., 
an additional precordial lead in which the exploring electrode was placed 5 cm. to the 
left of the sternum in the fifth interspace (CEt). 


Comment. Our results would seem to afford adequate support of 
the observation that damage to the endocardium and deeper layers of 
the myocardium of the apical portion of the left ventricle in dogs is 
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attended by certain changes in tlie configuration of the QRS complex 
in a precordial lead designated apical R'-R. Most constant among 
these changes was reduction in the height of the II wave. The devel- 
opment of a Q wave or of a notch low on the upstroke of the R wave 
were alternative types of change. 

The significance of these observations rests on certain other findings, 
as follows: (1) An R wave of relatively high voltage was present in 
all control tracings of the apical IV-R lead. (2) A Q wave was never 
present in such control ECG’s. (3) In control procedures in which a 
needle was introduced into the left ventricular cavity but no further 



Fig. 4. — Dog 13. Interior of left ventricle. The lesion involves the base of both 
papillary mu.scles and the apical portion of the septum. 


damage was inflicted, no significant changes occurred in the QRS com- 
plex even after several hours had passed (Fig. 5). (4) In those experi- 
ments in which the epicardium of the left ventricular apex was burned 
before production of a deep lesion, the height of the R wave was not 
altered appreciably. 

Reference already has been made to the observation of Wilson and 
associates'^ that in direct leads from regions in which the inner 
layers of muscle were dead or had been replaced by scar tissue and in 
which the outer layers were still living and responding to the excitatorj" 
process, the QRS group was characterized by specific changes in that 
portion preceding and including the intrinsic deflection, while the 
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RS-T segment was not displaced. Limitation of space makes it im- 
practicable to review the theory of Wilson in explanation of the 



Fig. 5. — Dog 7. Roman numerals and capital letters represent the leads, a, 9:30 
! A.M., control after opening chest and pericardium; h, 9:38 a.m., after puncturing the left 

ventricular ca\’ity via the ape.v anterior with a No. IS Luer needle, shaking the heart for 
1 min., withdrawing 2 cc. of blood and injecting the latter into the anterior surface of 
the left ventricle just to the left of the interventricular septum; c, 12:30 p.m., 2 hrs. 
52 min. after control procedures; d, 1 p..m., 5 min. after the first attempt at deep 
trauma via apex anteriorly; the lesion was vudespread, being deepest in the area just 
anterior to the anterior papillary muscle and in the apical portion of the septum; the 
base of the anterior papillary muscle also was damaged and the endocardium was stripped 
from the base of the posterior papillary muscle; e, 1:25 p.si., 30 min. after the first 
attempt at deep trauma; /, 4:25 p.m., 3 hrs. 30 min. after the first attempt at deep 
trauma. 


peculiarities of this curve. The results obtained by him and his asso- 
ciates resemble those here reported in that in both it is the QRS com- 
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plex in which the characteristic changes occur, and, in both, the 
intrinsic deflection is reduced in magnitude but not completely oblit- 
erated. 



Fig. 6. — Dog 2. Roman numerals and capital letters represent the leads, a, Control 
after anesthesia; 6, 9:20 a.m., control after opening chest and pericardium: c, 9:45 a.m., 
10 min. after the fet attempt at deep trauma; practically the entire endocardium was 
removed from the apical two-thirds of the left ventricular cavity (Fig. 7); d, 10:30 a.m., 
55 min. after the first attempt at deep trauma; e, 3:45 p.m., 6 hrs. 10 min. after the first 
attempt at deep trauma; /, 3:45 p.m., exploring electrode 2 cm. to left of left sternal 
border in the fifth interspace. 
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The final solution of the source of these changes in the QRS complex 
must await further developments in the experimental field. They 
may originate from (1) injury to or destruction of the myocardial fibers 
underlying the endocardium or (2) damage to Purkinje’s network or 
to the major subdivisions of the left branch of the bundle of His. 

A study of the effects of damage of the endocardium and subendo- 
cardial myocardium on the width of the QRS complex leads to certain 
conclusions that appear to be significant. In each of the 22 experi- 
ments, there was extensive destruction of those tissues in which portions 
of Purkinje’s system are supposed to lie. In spite of this fact, the 
width of the QRS complex remained unaltered in 20 experiments. 
The speed at which the excitatory impulse Avas propagated remained. 



Fig. 7.— Dog 2. Interior of the left ventricle. The lesion e.vtends almost to the free 
end of both papillary muscles and involves a major portion of the septum. 

essentially unchanged, even though the course, as indicated by the 
form of the QRS complex, was altered. An increase in width of the 
QRS complex occurred only when the lesion involved an area high on 
the interventricular septum. 

Only a few disconcerting exceptions restrain us from making the 
generalization that injimy to the deeper layers of the myocardium has 
no appreciable effect on the level of the RS-T segment. We already 
have indicated our inability to explain these exceptions satisfactorily. 

Certainly our results, as shown by the tracings reproduced in 
Figure 1, indicate that surface lesions exert a dominant influence on 
the level of the RS-T segment. In the apical R'-R lead, only mini- 
mal segmental changes followed the production of extensive deep 
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myocardial damage, while marked elevation of the RS-T segment 
occurred when a small superficial burn was made on a portion of the 
apex overlxlng the area of deep injury. 

Wilson and associates have shown that the ECG effects of damaging 
deep muscle fibers with a sharp electrode are similar to the conse- 
quences of injuring superficial fibers if in each case the electrode is in 
contact with the damaged cells. If currents of injury are set up when 
fibers deep in the myocardium are damaged, why are the ECG effects 
of such currents, that is, elevation of the RS-T segment, so infre- 
quently encountered when seniidirect or indirect leads are used? 
A rather reasonable assumption seems to be that these currents of 
.injury set up in tlie deep fibers are masked by the normal action cur- 
rents arising in the uninjured superficial fibers in response to the exci- 
tatory process. 

As a tentative explanation for the peculiarities of the curves recorded 
in these experiments in which significant injurj' Avas confined largely 
to the deeper layers of the m.yocardium, the folloAving hypothesis is 
proposed: As the wave of excitation spreads from a point high on the 
septum into the myocardium of the left ventricle, the potentials 
recorded' in the QRS complex are developed. The excitatory process 
has activated only the deeper layers of the heart when the first part 
of the QRS complex is inscribed. Hence lesions of the subendo- 
cardial myocardium produce changes in this part of the ECG, exliibited 
without inhibition because of the absence of potential changes in the 
more superficial layers. > 

The RS-T segment is inscribed during a period when both endo- 
cardial and epicardial regions of the myocardium are involved in the 
repolarization process. Because of the proximity of the uninjured- 
superficial fibers to the surrounding conductile tissues, the electrical 
potentials developed here dominate this portion of the ECG, obscuring 
the effects of any injury potentials developed in the deeper layers of 
the myocardium. Consequently the, RS-T segment has a fairly nor- 
mal configuration in cases of irijurj' confined to the deeper layers. 

Because the process of repolarization may be prolonged in fibers of 
the injured areas, alterations in the direction of the terminal deflection 
(T wave) sometimes develop. 

Much could be said about the part which unidentified surface injuries 
may have played in the production of the ECG changes which we 
huA^e attributed to injury of the deeper layers of the myocardium. 
This issue was kept in mind throughout these experiments. Two 
observations are pertinent: (1) The ECG changes Avhich Ave have 
ascribed to deep injury differ in kind rather than in degree from those 
which we and others haA^e related to purely superficial damage, (2) 
Secondary injuries to surface areas OAmrlying the sites of deep lesions 
were attended by the development of ECG patterns characterized by 
the presence of definite segmental eleAmtion, a change which has been 
ascribed to the effects of trauma on epicardial fibers that are alive and 
respond to the excitatory process. 
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Summary and Conclusions. Myocardial injuries were produced in 
dogs by mechanical means. Damage to the endocardium and deeper 
layers of the myocardium of the apical portion of the left ventricle 
was attended by certain changes in the configuration of the QRS 
complex in a precordial lead designated apical IV-R. ' Most constant 
among these changes was a reduction in the height of the R wave. 
The development of a Q wave or a notch low on the upstroke of the 
R wave were alternative types of change. 

These changes in the QRS complex might be derived from : (1) Injury 
to, or destruction of, the myocardial fibers adjacent to the endo- 
cardium ; or (2) damage to Purkinje’s network or the larger subdivisions 
of the left branch of the bundle of His. 

Although in each of the 22 experiments under analysis there was 
accomplished an extensive destruction of those tissues in which por- 
tions of Purkinje’s system are supposed to lie, in 20 experiments the 
width of the QRS complex remained unchanged. The speed at Avhich 
the excitatory impulse was propagated apparently remained essen- 
tially unchanged, even though its course, as indicated by the form of 
the QRS complex, was altered. Also, a lesion high on the septum 
apparently not only is attended by a widening of the QRS complex 
but also it is the only lesion likely to produce this effect. 
vOur results indicate that surface lesions exert a dominant influence ‘ 
on the level of the RS-T segment. We have suggested that this cir- 
cumstance may prevail not because the traumatized subendocardial 
fibers fail to produce currents of injury, but because the resulting 
injury potentials are masked by the normal action currents arising in 
the uninjured superficial fibers in response to the excitatory process. 

Changes in the T wave following injuries to the deeper layers of the 
myocardium were inconstant. The most frequently recurring altera- 
tion was an inversion of the T wave in a lead designated apical IV-R.*^ 
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Although the word asthma is derived from a Greek expression meaning 
panting, it has come to represent dyspnea associated with wheezing. It 
is loosely used to refer to the disease bronchial asthma, yet almost all 
diseases of the lungs, as well as some involving organs lying outside the 
lungs, may give the symptom asthma, that is wheezing and dyspnea. 
Rackemann^*® lists the causes for this symptom as (1) spasm and edema 
of the bronchial mucous membrane, (2) exudates in the tubes, (3) obstruc- 
tion by foreign body or tumor, (4) emphysema, and (5) congestive heart 
failure. Some of the waj^s in which the word asthma has been used are 
listed by Dorland^- as follows: cardiac asthma (certain instances of left 
ventricular failure), Eisner’s asthma (angina pectoris), Kopp’s, or Wich- 
mann’s asthma (thymic dyspnea), steamfitters’ asthma (asbestosis) and 
stone asthma (dyspnea associated with bronchial calculus). Certainly 
the problem of the differentiation of the diseases producing asthma is 
primarily that of differentiation of the causes of dyspnea with noisy 
respirations. Wheezing may be manifested only by sonorous and sibilant 
rales heard on auscultation so that these findings enter into the differential 
diagnosis. 

The cardinal syndrome producing asthmatic breathing is bronchial 
asthma, characterized by recurrent attacks of dyspnea which is more 
marked in expiration and accompanied by wheezing and cough. These 
episodes result from narrowing of the bronchial lumina from edema of 
the bronchial mucosa, secretion of a thick exudate into the bronchi, and 
bronchial muscular spasm from stimuli which, in most individuals, cause 
no such reactions. The process is usually, in great part at least, a revers- 
ible one so that the disease is manifested by episodes of dyspnea. Patho- 
logic findings include the presence of mucinous plugs, an eosinophilic 
infiltration into the bronchial mucous membrane, hyaline thickening of 
the basement membrane of the bronchus and hypertrophy of the muscu- 
lature.'*® Cohen,® comparing the reaction to those resulting from experi- 
mental histamine injections,^'* described it as exhibiting a characteristic 
inflammatory reaction. In this light bronchial asthma is a specific and 
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unusual type of bronchial inflammation generally not infectious in origin 
and readily reversible. It is a peculiar type of bronchitis, Avhich. accounts 
for the difficulty in its differentiation at times from bronchitis of the usual 
infectious inflammatory type, a reaction not so readily and quickly revers- 
ible. Such infection, however, if effecting sufficient narrowing of the 
lumen, may produce wheezing and dyspnea as does bronchial asthma, as 
may foreign body in the bronchus, bronchial carcinoma and other diseases 
for which the treatment is radically different from that of bronchial asthma. 

In the diagnosis of bronchial asthma the most important single factor 
is usually the history. There may be a past or family history of allergic 
manifestations. Attacks are frequent at night. Certain prodromes may 
occur, such as plugging of the nose, sneezing, rhinorrhea, burning or 
heaviness in the chest, gastro-intestinal disturbances, such as heaviness or 
diarrhea, as well as diuresis, itching and urticaria. The paro.xysm gradu- 
ally reaches its height and, if severe, a sensation of suffocation is experi- 
enced. The respiratory rate may go up but frequently respirations are 
slow and labored. Accessory respiratory muscles are brought into play; 
the pulse rate is elevated and cyanosis may appear. The jugular and 
supraclavicular regions, intercostal spaces and epigastrium retract with 
-inspiration. The patient generally complains of difficulty in getting air 
out, or will do so if asked to analyze his difficulty. Expiration is pro- 
longed, accompanied by an effort, and aided by a contraction of the 
abdominal muscles. Wheezing is usually associated with expiration and 
often inspiration as well, and may be loud enough to be heard by by- 
standers. Cough may occur at or near the termination of the episode. 
There are small amounts of tenacious sputum containing white masses of 
mucus. Coexistent bronchial disease may modify the sputum. Exam- 
ination of the sputum usually shows many eosinophils and at times 
Charcot-Leyden crystals, Curschmann's spirals and even bronchial casts. 
The patient invariabl}' sits up during an attack. E.xamination of the 
chest shows bilateral sonorous and sibilant rales, especially on expiration. 
Expiration is prolong'ed. There is increased resonance to percussion. 
Cyanosis may be seen. The attack maj'^ last for hours or days and in 
the recovery period the auscultatory squeaks and groans remain. The 
episode may be arrested at any stage. If arrested at the beginning, when 
symptoms are limited to some difficulty in deep breathing, a feeling of 
oppression, chest constriction and tightness, bronchial asthma may not 
be diagnosed. The patient may go on with such subjective sensations 
for a considerable period of time before episodes advance to a stage in 
which sonorous and sibilant rales suggest the diagnosis. The sense of 
constriction and the mild dyspnea may lead the patient to suspect heart 
disease or bronchial disease other than asthma. If arrested after the 
appearance of sonorous and sibilant rales, but before the attack progresses 
to its peak, the episode may be confused with other conditions itemized 
below, particularly the bronchial syndromes. 

The patient usually presents himself with the above story of paroxysmal 
attacks of dyspnea, usually with wheezing and cough. Such episodes 
may have been frequent or rare, and long or short in duration. Hay 
fever or other known allergic manifestations may have been present. The 
diagnosis then may be simple and easy, and usually is. Yet errors in 
diagnosis are extremelj’’ important for, as already stated, the therapy of 
conditions simulating bronchial asthma is usually entirely different and 
at times the condition is a correctable one which, when treated, disappears. 
If the patient has had only one attack, the diagnosis is likely to be in 
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more doubt and further observation may be necessary. The patient 
may present himself for examination between attacks, and, when there is 
doubt about the diagnosis, a complete examination is necessary, including 
investigation of the blood and urine, chest roentgenogram, a complete 
cardiac work-up and, at times, even laryngoscopy and bronchoscopy. 

Commonly grouped with those diagnosed as asthmatics are other 
patients not giving the classic picture sketched above. These patients 
usually do not have an onset early in life, a family or past history of 
allergic manifestations, positive skin tests or environmental control.® 
Onset of asthmatic breathing is usually in middle age, often preceded by 
months or years of spasmodic cough. Infections of the nose, throat, or 
bronchial tree may have accompanied the episodes of cough and bronchitis. 
Age usually helps to differentiate these patients but not always. Such 
asthmatic episodes may occur in children without family or past histories 
of allergy and may follow whooping cough, measles, or other respiratory 
infection. Such children have a gradual onset of attacks and may not be 
well in the intervals.®® The term wfcciivc asthma, or asthmatic bronchitis, 
is often applied to this picture. However, these episodes are much com- 
moner beyond the age of 40 and in some of the patients causative factors 
leading to the asthmatic episodes are not at all well established®®' even' 
though chest infection, paranasal disease and many other factors are 
sought. Past and family histories of allergy are only occasionally elicited; 
allergens as a cause are rarely found, and response to anti-allergic treat- 
ment may be poor.^ As Alexander pointed out, the symptoms may' start 
with a cough and mucoid sputum, which may last for weeks, with a few 
musical rales. Recovery may occur with later repetition, often with 
frank wheezing. With repeated episodes response to iodides and epi- 
nephrine may become less dramatic. Cough, at times with wheezing, may 
persist between the episodes, which become less clear-cut in onset or 
disappearance. More inspiratory distress is often evident." The lack of 
seasonal variations, environmental control, histories of allergy and positive 
skin tests has lead to the belief that these patients have within themselves 
the cause of their asthmatic episodes. The term intrinsic asthma is 
applied in contradistinction to extrinsic, or typical bronchial asthma in 
which the causative factor arises in the environment. Rackemann®®*' 
has been particularly interested in this group. He has found no satisfac- 
tory theory to explain these cases but does divide- them into 3 groups; 
(1) a picture closely related to acute respiratory infection, the disappear- 
ance of which is followed by a receding of the asthmatic symptoms, which 
recur with a repetition of the infection, and which is termed asthmatic 
bronchitis; (2) a group with no relationship to season, environment, or 
diet, with no known allergic relationships; and (3) patients with evidence 
of emphysema, bronchiectasis or heart disease with asthma as a result 
of bronchial exudate, spasm, or edema, occurring as a part of the primary 
disease. 

As already stated, the history and clinical picture of bronchial asthma 
may be so characteristic that the diagnosis is easily made, often by the 
patient before he sees the physician. But occasions arise when there is 
confusion with other diseases or when other diseases may be mistaken 
for bronchial asthma. The presence of other disease may overshadow 
the asthmatic picture®® or vice versa. The great and important differences 
in treatment and prognosis of many of these conditions demand that they 
be ruled out. IMaytum®®' has listed these conditions according to sys- 
tems and his table is reproduced here (Table 1). With this array of con- 
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ditions producing dyspnea and simulating asthma, it is ob^dous that the 
great differences in treatment demand adequate differentiation. 

Table 1. — Mayttjm’s List of Conditions That May Sijiulate Asthma 

A. Respiratory System. 

I. Larynx. 

1. Laryngeal spasm: 

a. Spasmodic croup 

b. Laryngismus stridulus 

c. Laryngeal crisis of tabes dorsalis 

2. Inflammation; 

a. Acute (acute laryngitis, diplitheritic laryngitis) 

b. Chronic (tuberculosis, syphilis) 

3. Angioneurotic edema 

4. Paralysis of the vocal cord 

5. Laryngeal stenosis 

6. Foreign body 

7. Neoplasm: 

a. Benign 

b. Malignant 

II. Trachea and. Bronchi. 

1. Intrinsic lesions: 

а. Acute and chronic bronchitis 

б. ' Chronic inflammation with stenosis (bronchiectasis, tuberculosis, 

syphilis, foreign body) 

c. Neoplasm (benign; malignant) 

2. Extrinsic lesions: 

a. Substernal enlargement or carcinoma of the thyroid gland 

b. Enlargement of the thymus gland 

c. Aneurysm of thoracic aorta 

d. Tuberculous tracheobronchial nodes 

e. Mediastinal neoplasm (benign; malignant) 

III. Lung. 

1. Inflammation: 

o. Pneumonia 
6. Tuberculosis 

c. Pneumoconiosis and pulmonary fibrosis 

2. Idiopathic pulmonary emphysema 

3. Neoplasm of lung and pleura 

4. Ejrternal pressure: 

a. Pneumothorax 

b. Hydrothorax 

B. Circulatory System. 

I. Cardiac Decompensation 

II. Coronary Sclerosis 

III. Paroxysmal Auricular Flutter or Fibrillation; Paroxysmal Tachy- 

cardia 

C. Renal System (manifested in circulatory system). 

D. Nervous System. 

I. Functional Air Hunger 
II. Hysterical Polypnea 

III. Respiratory Syndrome Following Encephalitis 

Difficulty in breathing associated Avith some type of nois}" respiration 
accounts for the confusion of most of these conditions with bronchial 
asthma. This is true Avith laryngeal disease. The dyspnea of larjmgeal 
obstruction is characterized by retraction on inspiration of the area of the 
suprasternal notch and at times the ribs, supraclaAucular and epigastric 
regions as AA’ell. This, Avith inspiratory stridor is a distinctly inspiratory 
disturbance. If any doubt arises, direct laryngoscopy AA'ill settle the 
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diagnosis. Such findings as these may occur in tlie child with congenital 
deformities of the larynx, laryngeal or tracheal stenosis, or both, as seen 
after high tracheotomy, trauma, diphtheria, or surgical infections, and in 
laryngeal spasm. Spasm is occasionally a part of the picture of spasmo- 
philia, evidences for which (Chvostek’s sign, electrical excitability, changed 
blood calcium levels) may be sought. Spasmophilia in children with 
asthma-like episodes was described by Lederer-® as bmncliotclany. Neo- 
plasm, foreign body, paralysis of the vocal cords and edema of the larynx 
give similar pictures, with hoarseness, croupiness, at times with special 
characteristics peculiar to each such as history of foreign body or e^'idences 
of angioneurotic edema. Acute inflammations are likely to be accom- 
panied by tracheitis and other evidences of inflammation, including sys- 
temic findings. Inspection of the laryngeal cavity should be done when 
doubt exists. Retropharyngeal abscess may produce similar symptoms 
and should be diagnosed by the local examination. 

Bronchial dismM of many types simulates bronchial asthma. Foreign 
body in the bronchus may produce Avheezing respiration which is mistaken 
for bronchial asthma, especially if a histoiy of foreign body is not evident. 
Jackson-^ stressed the asihnnioid wheeze, a dry wheezing sound heard with 
the ear close to the open mouth during expiration. Foreign body in the 
stem bronchus is likely to show unilateral physical findings, a most impor- 
tant differential point, and roentgenologic evidences may be present even 
if the foreign body is not radiopaque. Intracheal foreign body may produce 
a snapping sound heard at the mouth when the patient coughs and a thud 
may be felt in the subglottic area over the trachea. Tracheobronchial 
stenosis of any. type may be mistaken for asthma. Stridor, localization 
of findings, and bronchoscopy will make the diagnosis. 

Acute infectious laryngotracheobronchitis in children produces stridor 
and an ashen gray color with a croupy cough, signs of laryngeal and 
bronchial obstruction and a febrile response. Gummy ropy secretions 
are present and require bronchoscopy for removal. Neoplasm of the 
bronchus also maj' produce noisy respiration and dyspnea.^® Here again 
the history, physical and roentgenologic findings should suggest the 
diagnosis and bronchoscopy should, if necessary, be employed to establish 
a diagnosis. Benign tumors, as well as bronchogenic carcinoma, may be 
mistaken for bronchial asthma. Shortness of the duration, and localiza- 
tion of findings to one side should lead to roentgenologic and broncho- 
graphic studies, if necessary. Benign tumors are likely to give a longer 
history than the malignant type, and thus may simulate bronchial asthma 
more closely. 

Bronchogenic tumors are among the many conditions which simulate 
bronchial asthma and Avhich are diagnosed only by careful study. Bron- 
choscopy is particular]}" indicated when such tumors appear as possible 
causes for the picture. Clerf^ and Friedberg'® have pointed out these 
problems very clearly. They have shown that the bronchi elongate and 
expand in inspiration and contract and shorten in expiration. For this 
reason pathologic processes which narroSv, or partially block, the bron- 
chial lumina will interfere especially with the outflow of air. Friedberg 
reaffirms the statement that endoscopy is warranted in any case of " atypi- 
cal bronchial asthma” which does not respond readily to diagnosis and 
therapy. 

Prickman and Moersch®^ have pointed out certain instances when bron- 
choscopy is extremely helpful in the diagnosis of bronchial asthma, such 
as in the occasional case of bronchostenosis which they feel is a more 
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common complication of both allergic and so-called infectious asthma 
than is generally believed. They have found definite localized stricture- 
like narrowing of a bronchus, or bronchi, in certain instances with im- 
paired flow of air beyond the stricture and retention of secretions and 
even partial or complete atelectasis. These findings were present in 60 of 
140 patients with asthmatic episodes who were specially selected for 
bronchoscopy. Certain clinical findings, characteristic symptoms, and 
physical and roentgenologic observations may lead to the suspicion of 
bronchostenosis. Severe persistent and sometimes paroxysmal cough Avhich 
aggravates the asthma is such a symptom. There is difficulty in raising 
the sputum even with severe cough only to have a profuse sputum later. 
The sputum is mucopurulent and, in 40% of Prickman and Moersch’s 
patients, at some time blood streaked. Febrile episodes, either with or 
without chills occurred in 68% of their cases. It was usually moderate 
and lasted several to many days, to be followed by an increase in sputum 
on its subsidence. Leukocytosis was usual. 

The above history, or parts of it, should arouse suspicion of broncho- 
stenosis oy some other complication. Likewise, 53% of Prickman and 
Moersch’s series gave a history of pneumonia, and 35% a history of 
pleurisy. Bronchostenosis was frequently mistaken for bronchopneu- 
monia because of fever, cough and purulent blood-tinged sputum, and 
evidence of atelectasis. Repeated episodes of pneumonia with asthma 
should lead to suspicion of bronchostenosis and to bronchoscopy. It is 
only a small percentage of patients with asthma that need bronchoscopy 
and bronchostenosis should be added to the list of diseases which, when 
suspected, are to be ruled in or out by this means. 

In children with acute tracheal and bronchial inflammation, wheezing 
may develop and the chest sounds “ asthmatic.” Simple infection without 
allergic background may cause sufficient narrowing to produce these signs 
and the differentiation maj^ be diffieult unless the patient is studied for a 
period of time. This process starts slowly and ends gradually. There 
are no paroxysms and signs of infection are present. In older individuals 
with chronic bronchial disease, bronchitis, bronchiectasis, and emphysema, 
particularly with superimposed infection, dyspnea with wheezing may 
develop. To determine whether mechanical narrowing alone is the causa- 
tive factor or whether bacterial hypersensitiveness also acts as an exciting 
factor becomes the problem, which has already been discussed. In 
patients with known bronchial asthma for long periods of time, especially 
those in whom chronic bronchitis has developed or in those with intrinsic 
asthma, attacks may become refractory to treatment, the so-called status 
asthnaticus. Fever and signs of infection may appear, often with puru- 
lent bronchitis and thick ropy secretions in the smaller bronchi or with 
peribronchial pneumonia. The recognition of such complications is impor- 
tant to proper therapy. Alexander' has pointed out the frequency of 
status asthmaticus and of marked eosinophilia in intrinsic asthma. At 
autopsj’- at times eosinophilic infiltrations have been found in the bone 
marrow and myocardium.® 

The association of eosinophilia and periarteritis nodosa with asthmatic 
episodes is most interesting. Ale.xander' has called attention to its fre- 
quent presence in status asthmaticus. Harkavy'^ has also pointed out 
its occurrence and Rackemann and Mallory®® found in a series of 50 cases 
of fatal asthma 5 with periarteritis nodosa, a high figure for the incidence 
of this disease. Lichtman and his associates®® noted the fact that asthma 
is said to occur early in a'bout 15 to 20% of the cases of periarteritis nodosa 
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and eosinophilia may reach 70 to 80%, a finding which may be a clue to 
its diagnosis. 

Some e\’idence to indicate a possible relationship of periarteritis nodosa 
to allergic phenomena rests in a report of Rich'*® in which he records the 
observation of periarteritis nodosa in patients dying of acute infection 
when serum siclmess was also present. He indicated that vascular lesions 
of this tj'pe can be a manifestation of the anaphylactic type of li.vper- 
sensitivity. In a report with Gregory** he presented experimental evi- 
dence of the disease in rabbits which had been treated with foreign protein. 
Later Selye and Pent?/* by chronic severe overdosage with desoxycortico- 
sterone acetate produced in animals lesions similar to those of periarteritis 
nodosa. It would appear that periarteritis nodosa is not a disease entity 
itself, and although its etiology is not definitely e.stablished, a relationship 
to allergic phenomena is very possible. 

Involvement of the kings with disease wliich produces dyspnea, espe- 
cially if noisy respirations of one type or another occur, is often confused 
with bronchial asthma. Lamson, Butt and Stickler’s**^ autopsy series of a 
group of patients with asthma includes many of these conditions, such as 
carcinoma, pneumoconiosis and tuberculosis. Pulmonary emphysema is 
most difficult to differentiate at times. History may be most important, 
for tj'pical bronchial asthma often produces emphysema. The dyspnea of 
emphysema may occur in paroxysms during infection but most often 
develops slowly over long periods of time; effort is definitely a precipitating 
factor producing wheezing respirations. Foreign bodies in the bronchi 
causing pneumonitis have already been mentioned. In pneumoconiosis 
paroxysms of dyspnea are not clear-cut and historical data leading up to 
the development of the picture are most helpful. Roentgenograms of the 
chest are important. Roentgen ray and radium therapy to the chest may 
produce asthma-like dyspnea. Hydatid cysts may produce asthmatic 
breathing and eosinophilia and urticaria may be present. Asthmatic 
dyspnea has been described as the sole presenting symptom of generalized 
endolymphatic carcinomatosis,®* in Avhich • metastases are found to the 
pulmonary lymphatics and in which the Roentgen picture is a pattern of 
thin lines often vith reticulation e.xtending from the hilum toward the 
periphery. Actual nodules may not be present and the picture may 
simulate that of pneumoconiosis, miliary tuberculosis, lymphoma or 
fibrosis resulting from infections. 

It is to be remembered that bronchial asthma may be the underlying 
cause of certain pulmonary changes.®-®®-®® Edema and spasm of the 
bronchi, together with mucinous plugs, are knovm to produce areas of 
atelectasis and even massive collapse of the lung®® with_ relief by bron- 
choscopy. In 1935, H, Miller and his associates®® described a group of 
11 allergic children with allergic bronchopncimonia, changes in the lung 
which they felt resulted from bronchial obstruction, allergic reactions of 
the lung parenchyma, or both. Frequently changing physical and 
Roentgen signs characterized the pictures. Fever occurred. Common 
diagnoses on these patients had been asthmatic bronchitis, recurrent 
bronchitis, bronchopneumonia, abortive bronchopneumonia, non-tubercu- 
lous pulmonary infection, tuberculosis, perifocal tuberculosis, bronchiec- 
tasis, pulmonary abscess and foreign body. 

In 1932, Loffier described a syndrome of transient pulmonary infiltra- 
tion with associated leukocytosis and eosinophilia found especially in 
allergic indi\-iduals. In 1936 he reported 51 cases.®® Since then there 
have been numerous reports on this picture.*"* -*®-®®'®®''*®-'*®'®*. Hansen-Pruss 
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and Goodman^® have summarized the features of this picture as: (1) oc- 
currence in allergic people, (2) varying degrees of leukocytosis and eosino- 
philia, (3) afebrile course, (4) pulmonary consolidation, (5) persistent 
severe asthma, (6) lack of response to sulfa drugs, and (7) history of 
frequent respiratory disease. The generally benign nature of Loffler’s 
cases contrasts with some of those described bj'' Miller and his group.®* 
The roentgenograms of the chest are especially important. Varying 
shadows of different sizes, shapes and location, either unilateral or bilateral, 
may on single films be indistinguishable from those seen in tuberculosis. 
Serial films may be necessary for differentiation. Eosinophilia does not 
parallel the chest infiltrations. Loffler felt that bronchial asthma vuth 
partial atelectasis, tuberculosis, pneumonia, and infarction were not part 
of the picture. He considered ascariasis a possible cause, and others 
since then have found worm infestations and amebiasis associated vdth 
the picture. A possible relationship of so-called tropical eosinophilia to 
these pictures must be considered.® 

The relationship of tuberculosis to asthma has received much attention. 
Tuberculosis of the lungs may produce respiratory distress in many ways, 
through the pressure of tracheobronchial nodes, by fibrotic contraction or 
adhesions producing mediastinal shifts, mechanical embarrassment of the 
cardiovascular system, tracheal and bronchial compression or tugging and 
by bronchial strictures.® Tuberculous tracheobronchial nodes are most 
likely to cause compression in children especially before the 2nd year. 
Dyspnea may be exertional but is constant and does not respond to 
epinephrine. Tuberculin tests and roentgenographic studies will help in 
differentiation. Tuberculosis may also coe.xist with bronchial asthma and 
the latter may mask the former. There has been much controversy as 
to possible causal relationships when the two occur together (tvhcrculo- 
allergic asthma ) General views are that causal relationships between 
the two are either infrequent®’®” or entirely absent. In 1 series®” of 452 
asthmatics pulmonary tuberculosis was present in 25 (5.5%). On the 
other hand some feel that tuberculosis is no more frequent in asthmatics 
than in the general population-® and that tuberculosis plays no particular 
etiologic role in the production of the asthma, at least no more than 
other respiratory infections which render the mucosa vulnerable. In 1 ser- 
ies^” the incidence of asthma among 386 patients with active tuberculosis 
was 3.1 %, a figure which approximates the reported incidence of asthma 
among the rest of the population. Sprague'*^ believes that bronchial 
asthma and pulmonary tuberculosis appear as coexisting diseases much 
more frequently than either the literature or the e.xperience of the general 
practitioner would show. There is a tendency to regard the asthmatic 
as “ just another asthmatic.” Each individual case, if studied, may reveal 
changes which cause the physician to suspect tuberculosis. Anorexia, 
unusual loss of weight, fever, change in character of cough, amount and 
type of expectoration, bloody sputum, sweats, tuberculosis contacts, ele- 
vated pulse rate, secondary anemia, physical findings other than those of 
typical asthma, should lead to Roentgen ray studies. The entire problem 
of tuberculosis and asthma has been reviewed by Tocker and DaHdson.'*” 
One must be alert to this complication. 

Intrathoracic disease of other tvqies maj'- simulate bronchial asthma. 
Tumors of the mediastinum, substernal goiter, inflammatory disease, 
mediastinal abscess, Boeck’s sarcoid,® enlargement of the peribronchial 
or mediastinal lymph nodes, as in Hodgkin’s disease, and aneurysm of 
the aorta must be considered. The dyspnea ascribed to thymic enlarge- 
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ment accompanies other manifestations of that picture. In aneurysm 
and mediastinal tumors, for example, attacks may be paroxysmal. Other 
evidences of disease than asthmatic breathing, for example stridor, hem- 
optysis, signs of mediastinal pressure, should l)e sought, but differentiation 
may require roentgenograms and even bronchoscopy, as well as history 
and physical examination. 

Cardiac asthma is one of the manifestations of left ventricular failure 
and is often called paroxysmal nocturnal dyspnea. It simulates bronchial 
asthma in some respects, at times very closely, and is one of the most 
important differentiations in older patients. Although cardiac asthma, 
like bronchial asthma may come on during the day, it is most common, 
again like bronchial asthma, at night. The dyspnea may simulate very 
closely that of bronchial asthma, but respirations are often more rapid 
and on occasion the frothy pink sputum of pulmonary edema is present. 
Chest findings may be those of typical bronchial asthma and differentia- 
tion is then difficult. Moist basal rfdes may be present, alone or with 
sonorous and sibilant rfdes. Occasionally nothing abnormal is heard on 
auscultation. Other evidences of heart disease, enlargement of the heart, 
significant murmurs, precordial pain, evidences of heart failure in the past 
or at present, edema, may occur but at times it may be impossible to 
distinguish bronchial from cardiac asthma on history and physical grounds 
unless the patient is followed for some time. Sputum studies for eosino- 
phils and determinations of the circulation time are helpful. 

The circulation time, especially from arm to tongue, has been studied 
extensively in cardiac failure and to some extent in bronchial asthma. 
The findings of Hitzig, King and Fishberg’® in 1935 of an arm-to-tongue 
time ranging from 18 to 60 or more seconds in cardiac failure have been 
amply confirmed. Occasionally exceptions are found and such patients 
occasionally have a normal circulation time. In bronchial asthma the 
time has been reported as not prolonged or even as accelerated.'* Cottrell 
and Cuddie,** using decholin, found the arm-to-tongue time in bronchial 
asthma to vary from 10 to 15 seconds. The figures were normal both 
during attacks and in the intervals between asthmatic episodes. 

Cardiac asthma is most common in the older patient, especially beyond 
the age of 50, a time when bronchial asthma is less likely to have its onset, 
only about 15 % starting in the 5th and 6th decades. Eosinophilia in the 
blood and sputum favors bronchial asthma, but occurs in other diseases 
and when heart disease is a complication of bronchial asthma. Physical 
examination of the lungs may show basal rales or pleural effusion which 
usually mean heart disease. Levine®*' stresses the presence of basal moist 
rales and the absence of diffuse sonorous and sibilant rales as a differential 
point. When present these findings are extremely helpful. The finding 
of evidences of heart disease producing strain upon the left ventricle, 
either by physical or roentgenologic examination, establishes the etiologic 
agent for cardiac asthma and favors heart disease as a cause of the picture. 
Elevated venous pressure, if present, falls in the same group. The 
absence of allergic manifestations, some already mentioned above, is also 
helpful. An attack of cardiac asthma may terminate after epinephrine 
has been given but not as uniformly as does bronchial asthma. 

It must be remembered that heart disease may occur in the patient 
with bronchial asthma, either by coincidence or as the result of the bron- 
chial asthma. That bronchial asthma may be important in the production 
of heart disease is debated. The general consensus is that heart disease 
from such cause is not common,® although the cor pulmonale 
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type of cardiac damage with right ventricular hypertrophy and even 
failure has been reported on this basisd®-'*^ Harkavy and Romanoffi® 
have reported electrocardiographic changes which are in large part not 
extensive and are reversible. Schiller, Colmes and Davis^^ found that 
cardiac changes resulting from chronic bronchial asthma are more com- 
mon than is generally believed. Of 12 autopsied cases with bronchial 
asthma of 6 or more years’ duration, 5 died in congestive heart failure and 
4 of these showed predominant hypertrophy of the right ventricle. They 
pointed out that the diagnosis of circulatorj’^ failure in sueh patients is 
difficult because of dyspnea caused by emphysema. Some show no 
edema, and when it does occur, it may appear suddenly and progress 
rapidly. _ _ , 

Paroxysmal cardiac irregularities, especially auricular fibrillation and 
flutter and paroxysmal tachjmardia, maj'^ prodube episodes of dyspnea, 
but other characteristics, especially on examination of the patient, will 
easily differentiate them from bronchial asthma. 

Disturbances outside the respiratory tract and the thoracic cage maj^ 
be confused with bronchial asthma. This is true of sighing respiration 
and hysterical respiratory distress, both of which bear some superficial 
resemblances to bronchial asthma. Hj^sterical overbreathing, which may 
give symptoms of hyperventilation, is easily differentiated when the 
patient is seen in an attack. There may be a close association with emo- 
tional factors or fatigue. (This may occur at times with bronchial asthma.) 
Polypnea ivith rapid respirations, rather than the slow labored dyspnea 
of bronchial asthma, is present. There is no sputum; typical auscultatory 
findings are not present; attacks may be of short duration; and onset and 
offset of attacks are more abrupt than in bronchial asthma. When the 
patient is seen between episodes, some observers®^ have injected vagotonic 
drugs (mecholyl) which are likely to precipitate attacks of bronchial 
asthma, for differentiation. Other evidences of hysteria should be sought 
as well. 

The syndrome of sighing respirations ^ may accompanj’’ hysteria or 
other psychoneuroses, but not necessarily so. Stable individuals under 
unusual circumstances ma.y also present this picture. Episodes of difficulty 
in breathing occur and bronchial asthma maj% therefore, be suspected. 
Occasional sighing respirations are common, especially in nervous and 
neurotic individuals. The patient feels that he or she cannot get 
air into the chest. In emotional upsets or during periods of mental 
stress and strain, such respirations are likely to be more frequent. Re- 
peated persistent rapid “attacks” may occur. A feeling of pressure is 
often present and the patient places his hands over the chest to show its 
presence. Shallow respirations are followed l)y deep sighing respirations 
easily recognized when seen. If frequent and repeated, such sighing 
attracts the patient’s attention. He feels distress, feels suffocation, and 
may want to get out into the air or open a window. He maj' become 
pale and perspire. While occurring often during the day, such attacks 
may appear at night and especially then is bronchial asthma suspected. 
Overbreathing may lower the alveolar carbon dio.xide and thereby cause 
alkalosis. When the patient is seen in an attack the respiratory distress 
is easily recognized. Respirations are deep and sighing, similar to those 
occurring occasionally between attacks. The rate may not be rapid but 
accessory respiratory muscles may be used. There is no cough, wheezing 
or sputum. Symptoms of tetany may develop, such as lightheadedness, 
vertigo, paresthesias, tingling of the fingers and toes, precordial distress, 
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sense of constriction of the thorax and sometimes carpopedal spasm and 
spontaneous facial twitchings. These may be reproduced if the patient 
deliberately overbreathes for 15 to 20 respirations. 

Posicncephaliiic hypcrpncdP'^ may simulate bronchial asthma for it is 
accompanied by forced breathing. The breathholding and other asso- 
ciated postencephalitic findings will permit differentiation. 

REFERENCES- 

(1.) Alexander, H. L.: Internat. Clin., 3, 22G, 1941. (2.) Alexander, H. L., Lnten, 
D., and Kountz, W. B.; J. Am. Med. Assn., 88, 882, 1937. (3.) Benedict, E. B., and 

Castleman, B.: New England J. Med., 224, 180, 1941. (4.) Bernstein, M., and Simp- 

kins, S.; Am. Heart J., 17, 218, 1939. (5.) Browning, "W. H.: South. Med. J., 36, 914, 

1942. (6.) Chafee, F. H., B.oss, J. R., and Gunn, E. M.: Ann. Int. Med., 17, 45, 1942. 

(7.) Clerf, L. H.: Ann. Int. Med., 9, 1050, 1930. (8.) Cohen, M. B.; Ann. Int. Med., 

20, 590, 1944. (9.) Cohen, S.; New Orlc.ans Med. and Surg. J., 94, 440, 1942. (10.) 

Colton, W. A., and Ziskin, T. : J. Allcrgj', 8, 347, 1937. (11.) Cottrell, J. D., and Cuddie, 

D. C.: Brit. Med. J., 1, 70, 1942. (12.) Borland, W. A.; .American Illustrated Medical 

Dictionary, 19th ed., Philadelphia, Saunders, 1942. (13.) Fraenkel, E. M.; Brit. Med. 

J., 2, 513, 1934. (14.) Freund, B., and Samuelson, S.; Arch. Int. Med., 66, 1215, 

1940. (15.) Friedberg, S. A.; J. Am. Med. Assn., 123, 85, 1943. (16.) Hansen-Pruss, 

O. C., and Goodman, E. G.; Ann. Allergj', 2, 85, 1944. (17.) Harkavy, J.: J. Allergy, 

14, 507, 1943. (18.) Harkavy, J., and BomanoS, A.; Am. Heart J., 23, 092, 1942. 

(19.) Hitzig, VT. M., King, F. H., and Fishberg, A. M.: .\rch. Int. Med., 55, 112, 1935. 
(20.) HoS, A., and Hicks, H. M.; Am. Rev. Tubcrc., 45, 194, 1942. (21.) Jackson, C.: 
Am_. j. Med. Sci., 156, 025, 1918. (22.) Karan, A. A.; Ann. Int. Med., 17, 100, 1942. 

(23‘.) Kem, B. A,: Internat. Clin., 3, 183, 1930. (24.) Kline, B. S., Cohen, M. B., and 
Rudolph, T. A.: J. Allorgj', 3. 531, 1932. 

(25.) Lamson, B. W., Butt, E. M., and Stickler, M.: J. Allergy, 14, 395, 1942. (26.) 
Lederer, R.: Ztschr. f. Kinderh., 7, 1, 1913. (27.) Levine, S. A.: Clinical Heart Disease, 
2nd ed., Philadelphia, Saunders, 1940. (28.) Lichtman, A. L., Stickney, J. M., and 
Kemohan, J. W.: Proc. Staff Meet. Mayo Clinic, 18, 500, 1943. (29.) Loffler, W.: 

Schweiz, med. Wchnschr., 66, 1009, 1930. (30.) Maytum, C. K.: (a) Med. Clin. North 

America, 14, 729, 1930; (6) J. Allergy, 10. 50, 1938. (31.) Mendeloff, A. I.: Ann. Int. 

• Med., 22, 386, 1945. (32.) Miller, H., Piness, G., Feingold, B. F., and Friedman, T. B. : 
J. Pediat., 7, 768, 1935. (33.) IVIi^ish, I.: South African Med. J., 16, 431, 1942. (34.) 

Moll, H. H.: Quart. J. Med., 9, 229, 1940. (35.) Paul, W. D.; J. Iowa Med. Soc., 

25, 643, 1935. (36.) Peshkin, M. M., and Fineman, A. H.: Am. J. Dis. Child., 42, 

590, 1931. (37.) Prickman, L. E., and Moersch, H. J.: Ann. Int. Med., 14, 387, 1940. 
(38.) Backemann, F. M.: (a) Arch. Int. Med., 69, 128, 1942; (5) J. Allergy, 13, 622, 
1942; (c) New England J. Med., 230, 284, 1944. (39.) Backemann, F. M., and Mallory, 

T. B.: Trans. Am. Clin, and Climat. Assn., 57, 60, 1941. (40.) Rich, A. R.; Bull. Johns 

Hopkins Hosp., 71, 123, 1942. (41.) Rich, A. B., and Gregory, J. E.; Bull. Johns 

Hopkins Hosp., 72, 65, 1942. (42.) Santos, C.; Rev. m6d. latino am., 25, 508, 1940. 

(43.) Schiller, I. W., Colmes, A., and Davis, D.; New England J. Med., 228, 113, 1943. 
(44.) Selye, H., and Pentz, E. I.; Canad. Med. Assn. J., 49, 264, 1943. (45.) Smith, 

J. H.: South. Med. J., 36, 269, 1943. (46.) Soysa, E., and Jayawardena, M. D. S.: 

Brit. Med. J., 1, 1, 1945. (47.) Sprague, C. H.; Connecticut State Med. J., 7, .399, 

1943. (48.) Thieme, E. T., and Sheldon, J.M.:J. Allergy, 9, 246, 1938. (49.) Tocker, 

A. M., and Davidson, A. G.: J. Allergi% 15, 108, 1944. (60.) Urbach, E., and Loew, 

A.: Am. Rev. Tuberc., 42, 174, 1940. (51.) von Meyenburg, H.: Arch. f. path. Anat., 

309, 258, 1942. (52.) Waldbott, G. L.: Ann. Allergy, 3, 12, 1945. 



NEUROLOGY AND PSYCHIATRY 


125 


NEUROLOGY AND PSYCHIATRY 

UNDER THE CHARGE OF 

FRANKLIN G. EBAUGH 

UNIVERSITY OF COLORADO, SCHOOL OF MEDICINE, DENVER, COLO. 

AND 

GEORGE S. JOHNSON 

PROFESSOR OF PSYCHIATRY, STANFORD UNIVERSITY, SAN FRANCISCO, CALIF. 


TEE AMYTAL INTERVIEW 

By Brig. Gen. W. Lee Hart, U.S.A. 

Col. Franklin G. Ebaugh, M.C., A.U.S. 

AND 

Capt. David W. Morgan, M.C., A.U.S. 

The effectiveness of narcosis in revealing buried memories and conflicts 
has been recognized for hundreds of years, in fact as long ago as man has 
written about the effects of alcohol upon man. Much of the so-called 
newness of our narcosis treatments is a newness of terminology and a 
revival of older enthusiasms. Anesthetists long have remarked about 
how patients will reveal personal material and unrecognized facets of the 
personality during the induction phases of an anesthetic. The beneficial 
effects of emotional catharsis under the influence of an alcohol narcosis 
have been observed long before the treatment value of emotional episodes 
under newer narcotic methods was formalized into a new array of terms 
and esoteric discussions. ' 

The newer methods of narcosis have been variously termed “narco- 
analysis,” “narcosynthesis,” “narcohypnoanalysis,” “amytal inter\dews,” 
and so forth. Horsley invented the term “narcoanalysis” in 1936, 
and the term “narcosynthesis” was described by Grinker and Spiegel.® 
Bechterew had suggested that hypnosis, narcosis and sleep were closely 
allied.^ As he pointed out, it is not readily eas}"^ to distinguish the differ- 
ences between narcosis and hypnotic sleep. In fact, it is our opinion 
that the better results are obtained when the reactions of the narcotized 
patient are identical with similar reactions under hypnosis without the 
use of drugs. We do not agree with Grinker and Spiegel in differentiating 
the narcotic effects as distinct from hj^mosis.® 

Effective reliUng and recovery of past e.xperiences with amj'tal is 
similar to the use of hypnotic techniques without the benefit of drugs. 
In fact, barbiturates facilitate hypnosis for many subjects. Hypermne- 
sias, catalepsy, anesthesias, and post-treatment amnesias may be demon- 
strated Avhile the patients are under the influence of amytal narcosis. In 
other words, the amytal interview is largely another hypnotic therapy. 

Practically all of the modern barbiturates have been tried in various 
clinics. Chloroform, Cannabis Indica, paraldehyde, scopolamine and 
chloral often have been used for similar purposes.®’®’'^'® We prefer to 
utilize the specific term, the amytal interview, because of greater acquain- 
tance with the actions of the drug. Intravenous sodium amytal is pre- 
ferred to pentothal because it is thought that one may prolong the milder 
levels of diminished awareness, when the usual techniques of hypnosis 
and suggestion may be reiterated over longer periods. There is no diffi- 
culty with “hang-over” effects from sodium amytal, if sufficient caffeine 
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sodium benzoate is used at the end of the treatment. Furthermore, it 
has been noted that one may suggest a seleetive recall of actions and 
discussions under amytal narcosis, like with hypnosis, more readily than 
with pentothal narcosis, largely because the lighter levels of narcosis are 
better controlled. 

Hypnosis was used effectively in World War I, but for many reasons, 
technical, social and personal, few medical officers had acquired sufficient 
acquaintance with hypnotic techniques to use them effectively in World 
War II. The phenomena described by Grinker, Spiegel and others under 
the fancier terms of toda 3 ' were described bj’^ workers of the last war as 
manifestations of hypnotic therapy. 

Browm,® Hadfield,^® Tajdor,'^ and Ross'' were some of the enthusiastic 
exponents of the abreaction under hj^pnosis, which has acquired many 
semantic variations throughout the last 2 decades to become something 
“new.” 

The phj'siologic actions of the barbiturates on the cerebral cortex are 
well outlined bj^ Brazier and Finesinger;'* 

“The work of Quastel and associates (Quastel, J. H., and Wheatley, A. H. N.: 
Narcosis and Oxidation of Brain, Proc. Roy. Soc., London, 112, 60, 1932; Davis, 
D. R., and Quastel, J. H,; Dehydrogenations by Brain Tissue: Effects of Narcotics, 
Biocheni. J., 26, 1672, 1932; Quastel, .1. H.: Respiration in the Central Nervous 
System, Physiol. Rev., 19, 135, 1939) has shown that narcotics even in low concen- 
trations inhibit specifically the oxidation m vitro by brain cells of d-glucose, lactic 
acid and pyruvic acid. This inhibitory action takes place, not b^ preventing the 
access of oxygen to brain cells nor by interfering with the activation of oxygen by 
brain catalysts, but by impairing the hydrogen-liberating mechanisms (dehydro- 
genase activity) which nornially result in activation of lactic or pjTuvic acid. 

“Narcotics inhibit this dehydrogenase activity, presumably by forming surface 
films or adsorption compounds which prevent the access of hydrogen donators to 
their activating enzymes. (Sen, K. C.: The Effect of Narcotics on Some Dehydro- 
genases, Biochem. J., 25, 849, 1931.) Thus, the effect of the narcotic is to diminish 
the ability of the brain cells to oxidize lactic or pyruvic acid or d-glucose. The 
access of oxygen to the cell is quite unimpaired, but the diminished oxidizing 
ability of the cells results in a lowering of the amount of energy available for these 
cells to accomplish their functional activities. This depression of the normal 
functional activity of the cells in question results in, or is, ‘narcosis.’ 

“The chain of oxidative processes in brain cells may be represented in outline 
by the following simplification: At the beginning of the chain the principal sub- 
strate is d-glucose, which, through a long chain of intermediary changes, is finally 
oxidized to carbon dioxide and water, with liberation of large amounts of energ 3 '. 
One of the chief intermediary stages in the first part of the breakdown of d-glucose 
is the oxidation of lactic acid to pyruvic acid. Meyerhof (Ueber die Atmung der 
Froschmuskulatur, Arch. f. d. ges. Physiol., 175, 20, 1919) showed the dependence 
of this stage on the presence of a coenzyme which acts as a specific carrier linking 
lactic dehydrogenase with lactic acid in such a way that the dehydrogenase can 
remove hydrogen from the lactic acid, with the production of pyruvic acid. The 
dehydrogenase which activates lactic acid as a hydrogen donator is highly specific. 
(The dehj'drogenase which activates lactic acid has been isolated, and its chemical 
constitution is known. — Schlenk, F.: Whither Enzyme Chemistry, Texas Rep. 
Biol, and Med., 2, 183, 1944) and is present in greater quantities in brain than in 
muscle (Green, D. E., and Brotteaux, D.: Lactic Dehydrogenase of Animal Tissues, 
Biochem. J., 30, 1489, 1936). 

“It is this stage of dehydrogenase activity which is inhibited by narcotics of 
the barbiturate type. To repeat, these narcotics do not interfere with the catalytic 
activation of oxj^gen, or with the access of oxygen to the brain cells, but inhibit 
the activity of the deh 5 "drogenase stages of pyruvic and lactic acid metabolism. 

“The mechanism of this dehydrogenase activity may well be, as Quastel and 
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Wooldridge (Some Properties of Dehydrogenating Enzymes of Bacteria, Biochem. 
J., 22, 689, 1928) suggested, a polarization of the molecule of the substrate by an 
electric field at the cell surface to which the molecule is attached. If the polariza- 
tion is sufficient, the molecule will receive its critical energy of activation and will 
then be able to function as a hydrogen donator. 

“This chain of events in the cell respiration of brain tissue has been worked out 
from data gained from in wYro experiments with minced fresh brain and with brain 
slices, variations of the Barcroft and Warburg technics (Dixon, M.; Manometric 
Methods, London, Cambridge University Press, 1934) being used for the most part. 
To extend these studies to the respiration of brain cells in vivo necessitates some 
other technic. Electroencephalography may well furnish pertinent data in this 
field. 

“The work of Hoagland (a. Hoagland, H.; Chemical Pacemakers and Physio- 
logical Rhythms, in Alexander, J.; Colloid Chemistry, New York, Reinhold Publ. 
Corp., vol. 5, 1944; b. Pacemakers of Human Brain Waves in Normals and in General 
Paretics, Am. J. Physiol., 116, 604, 1936; c. Hadidian, Z., and Hoagland, H.: 
Chemical Pacemakers: I. Catalytic Brain Iron; II. Activation Energies of Chemi- 
cal Pacemakers, J. Gen. Physiol., 23, 81, 1939) demonstrated clearly the influence 
of changes in brain cell respiration on the frequency rates of cortical potentials. 
It is probably that cortical cells build up potential gradients in the process of their 
respiratory metabolism, and, as Hadidian and Hoagland (c. above) stated: 

“These may be of the nature of diffusion potentials across cell membranes which 
possess definite electrical impedence and which discharge when the potentials reach 
a critical value. In such a system the discharge frequency depends on the speed 
with which the metabolic factor can load the capacities of the cell walls to their 
critical discharge potentials. The absolute frequency would thus depend on the 
rate of cellular respiration and on the electrical impedence of the cell walls. 

t) 


The technique of the sodium amytal interview is simple. Dilute 15 gr. 
(1 gm.) of sodium amytal in 30 or 40 cc. of distilled water. Place this 
solution in a large enough syringe and use a small gauge intravenous needle 
to provide further protection against too rapid administration of the drug. 
The solution should not stand for over 30 minutes before use, and it 
should be clear. In fact, it is preferable to check the preparation of the 
solution to be sure of proper mixing and proper dosage. 

Always have 7^ gr. of caffeine sodium benzoate ready in a hypodermic 
syringe in case of untoward reactions or too deep a narcosis. At the 
completion of the interview it is well to administer 7| gr. of caffeine 
sodium benzoate subcutaneously to assure one against prolonged deep 
narcosis and to facilitate the return of awareness. If sleep ensues before 
the interview is well under way, it is wise to give the caffeine intravenously 
or subcutaneously to quicken the awakening so that the interview may 
be carried on without undue delay. Remember, it is imperative to have 
a stimulant on hand for instantaneous use. Do not compromise this 
principle. 

It is well to have a quiet room, dimly lit and empty, e.xcept for the bed 
and a chair or two. This affords better protection for the patient, if you , 
stir up a violent combat reaction. The patient should not have any 
breakable object on his person, and it is preferable to have him dressed 
in pajamas. It is assumed that some time has been spent beforehand in 
developing confidence and understanding of the purposes of the treatment. 
The better the relationship between the patient and the doctor the more 
frequently and more readily one will obtain effective results. The skillful 
use of suggestion makes a great difference. One should be well acquainted 
with the routine techniques of hypnosis, and one should repeat with 
confidence a number of suggestions directed toward relaxation and sleep. 
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These suggestions should be made so that they will fit in with the back- 
ground of the patient’s understanding and personality. Occasionally this 
will not apply to very hostile and resistive patients. For this type of 
patient the amytal session may be the quicker and more effective way to 
erase the barriers to deeper understanding and control of unbridled 
aggression. 

The sodium amytal should be administered very slowly, more slowly than 
at the rate of 1 gr. per minute. During the administration of the drug 
it is well to begin with neutral topics regarding the past life of the pa- 
tient and gradually to work into the military history. When the 
patient begins to speak more freely' or in a mush-mouthed manner, then 
it is well to try to stimulate a return to combat by using alert signals 
(“ condition red, blasts on a siren, etc.”) and by strong and repeated sug- 
gestions that the patient is “on the line” in the area of his most severe 
combat e.\'perience (“hill 69, bloody knoll,” etc.). Set up a combat 
situation, and trj" to get the patient to go through the commands and 
action of the day, taking the role of the persons to whom he calls for help 
or advice. This means that you must have an acquaintance with mili- 
tary terminology, slang and the local ground rules in the combat area 
from which the patient has come. This is best obtained in previous 
interviews with the patient wherein you will learn of the alert signals, 
the areas of the toughest action, the names of his subordinates and his 
superiors, the location of the command post and the patient’s role in the 
action. 

If this does not strike a response, then it is well to systematically explore 
the immediate situation and complaints, trying to trace their origins and 
relationship to the past. In this connection it is invaluable to stimulate a 
recall of dreams and recent phantasies. The recent dreams are very 
productive of clearer insights into forgotten traumatic events, conflicts, 
and so forth. It is relatively simple to allow the patient to make associa-' 
tions with the content of the dream and to aid him in pointing toward 
the meaning of such dreams. 

The therapist’s skill in dramatizing the combat situations may deter- 
mine the richness of the interA'iew. Battle records, simulated alert signals 
and so forth will help to strike action from the patient. Even when the 
events of combat have not been emotionally upsetting, it is possible to 
have the patient relive the experiences of the line; we have observed the 
work of some outstanding combat men as they go through an action and 
direct the men under them with precision and coolness. 

Except with combat cases, there is little need to deviate from the 
routine skills and techniques of interviewing. However, it is well to 
save the more delicate probing for the later stages of the intervieiu when you 
are assured of a deep “sleep.” For example, when you are trying to deter- 
mine the validity of hallucinatory material it is Avell to wait until a deep 
level of “sleep” is achicA^ed before direct questions are given. However, 
under narcosis it is easier to go directly to the tender areas or the forgotten 
episodes by pointed questioning. 

The depth of narcosis is difficult to determine, and one learns when to 
stop the administration of the drug by experience. Soon one learns to 
appreciate a sudden relaxation, a lid-flickering, slower and more regular 
breathing, a more rapid flow of ideas and a quicker response to questioning. 
Skill in loiowing when to stop is important, for it is easy to get too deep a 
level of narcosis. It is well to administer the' drug very slowly in the 
beginning of one’s experience and to continue with the interview from the 
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beginning to the end of the injection. Be ever alert for changes in muscle 
tension, the cessation of a tremor, the absence of blocking, and so forth. 
These signs are valuable indicators of when to stop giving the drug. If in 
doubt, fit is easy to try some direct suggestions and to note the effect. If 
narcosis is not deep enough, you will readily observe it. 

It has been our experience that much more of the drug is needed for a 
verj" hostile or resentful patient and that it is not unusual for us to give 
from 8 to 10 gr. of sodium amytal to get proper relaxation and narcosis 
with resistive subjects. In fact, it has been our e.xperience that the amount 
of drug administered is a good index of the amount of resistance toward 
narcosis. It is surprising how bitter and resentful subjects may resist 
the effects of amytal. This is particularly true when you are using the 
method in legal work with criminals. Then, too, we did not begin to 
get effective results with conversion sj^ptoms until we began to use 
larger doses, that is, above 7| gr., and now we are convinced that resistance 
is a good antidote and that you should slowly push the medication until 
the desired level of narcosis is reached, regardless of the amount needed. 
To date, we have not exceeded 15 gr. and have only rarely had to use 
that much. Only 1 case of respiratory arrest has been observed in the 
treatment of over 500 cases, and this was after the giving of less than 
4 gr. of sodium amytal. This was a patient unusually susceptible to the 
narcotic effect, and we had given the medication too rapidly. However, 
the administration of 15 gr. of caffeine intravenously was followed by a 
prompt return of respiration. 

Tension and resistance seems to raise the threshold to narcotic effects 
like pain raises the threshold to morphine effect. Furthermore, it is 
precisely with cases that do exliibit marked resistance and tension that 
amytal proves often more effective than other less direct approaches to 
treatment. 

We have made no tabulations of results with the use of amytal narcosis 
in the treatment of our cases. Yet we have, over the last year, obtained 
certain definite impressions regarding the value of this therapeutic ap- 
proach. The technique is valuable in relatively unskilled hands, and 
training in the usage of the amytal inter\dews is a relatively simple task. 
Furthermore, amytal is more ■widely effective when it is given in sufficient 
quantities to produce appreciable clouding of consciousness and thickness 
of speech. 

a beginning for the discussion of the values, of the amytal interview 
it may be well to list some of the effective applications: 

1. Recovery of forgotten or painful experiences and conflicts. 

2. Reli^^ng of emotionally traumatic e.xperience. 

3. Aid in differential diagnosis. 

4. Treatment of hostile and resentful patients. 

5. Uncovering faking and conscious distortions. 

6. Uncovering hallucinatory material. 

7. Treatment of conversion sjmiptoms (limps, backaches and so forth). 

8. Facilitate hypnotic treatments. 

9. Control of e.xcitements, panics and rage reactions. 

ip. Clarification of amnesic episodes. 

11. Treatment of mute or catatonic patients. 

12. Correction and clarification of psychogenic components of structural 

disorders: -■ . , 

(а) Orthopedic problems. 

(б) Post-traumatic head syndromes. 
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13. Aid in legal psychiatric work: 

(а) Questioning of suspected thieves, and so forth. 

(б) Questioning regarding facts in self-mutilation, 

(e) Clarification of so-called “ AWOL or drunken amnesias.” 

14. Aid in re-testing when conscious distortions or inadequate coopera- 
tion is suspected : 

(а) Intelligence testing. 

(б) Rorschach testing. 

The amytal interview is very effective as therapy for combat cases of 
relativelj' recent origin, for recovery of forgotten or painful battle experi- 
ence and for the reliving of the emotionally traumatic situations. It 
helps very much in establishing -a firm basis for effective therapy and 
interpretation. We think that the reliving of the emotional experiences 
is beneficial, and we have observed that battle dreams, sleeplessness, 
irritability, associability and negativistic reactions subside promptly after 
an effective treatment. The more lasting effects can be established by 
interpretation of this material during the next 2 or 3 days follomng the 
treatment. The amytal interviews should be repeated until one attains 
a much quieter reaction or observes no marked emotionally tinged battle 
experiences like the ones observed at the first or second treatment. More 
often it has been true that only 2 or 3 treatments are necessary as long 
as they are followed through by careful interpretation and elaboration 
of the material when the patient is alert. 

The differential diagnosis of schizophrenic reactions is facilitated by 
amytal sessions. On a number of occasions we have been able to demon- 
strate hallucinatory material that had been present but not revealed dur- 
ing the earlier days of hospitalization. Then, too, we have observed 
questionable psychotic reactions where the facts have been much clearer 
under amytal. For example, one prisoner who attempted to imitate an 
acute psychotic episode that had been observed by him during a previous 
prison stay admitted the falsification under amytal. Furthermore, where 
one has some local structural damage with a functional overlay, it is very 
helpful to give amytal to evaluate the amount of structural and functional 
disability. From this evaluation one may proceed to make a more direct 
interpretation of the functional elements. 

Also, resentful and negativistic patients respond to amytal sessions given 
within the first day or two of admission and thereby reduce the time 
necessary for developing a clearer understanding of the origins of the 
hostility and resentfulness. These patients need a much larger dose of 
sodium amytal. Occasional striking results have been obtained from 
prompt use of amytal interviews for this type of reaction. Likewise, the 
same approach has given great help with mute and catatonic patients and 
has facilitated the ward management of that type of case. 

A correlated problem deals with patients who claim that they cannot 
speak English, particularly Mexican patients. Under amytal one may 
be able to demonstrate a much better grasp of English. Likewise, where 
we have clinically estimated a greater intelligence than was demonstrated 
through intelligence testing, we have at times been able to get a more 
reliable estimation under amytal. This applies to other types of tests 
like the Rorschach and the Shipley-Hartford Retreat Scale. It is simple 
to repeat a test during an amytal interview when the examiner is unsatis- 
fied with the productivity of the patient during the wakeful state. 

We had 4 or 5 cases of malingering where we have been able to demon- 
strate this conscious faking during the amytal sessions. It is our impres- 
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slon that sodium amytal interviews are particularly valuable where faking 
or conscious distortions are suspected. 

The use of amytal sessions in the treatment of conversion symptoms 
has been described before. We find it particularly helpful in demonstrat- 
ing functional limps and backaches, but our results have been erratic. 
With the Negro patients we have had very poor results. With a few of 
the intelligent white patients we have had rather prompt recoveries and 
have been able to interpret the meaning of the conversions to the patient 
within a short time. 

It is obvious that sodium amytal can be used in the control of excite- 
ments, panics and rage reactions, like any sedative. However, it would 
be wiser to give the amytal intramuscularly instead of trying to struggle 
with the patient to give an intravenous dosage. The use of sodium amytal 
in the recovery of amnesic episodes has been previously described, and its 
use is valuable for cases that show extensive amnesias. 

Skill in the use of amytal is a necessary art in the adequate practice of 
military psychiatry, and one ma5’- attain this skill by using the method 
sufficiently to become acquainted with effects and results upon patients 
well known to the doctor. Skill in the use of amytal or a similar agent 
will provide the therapist with another valuable and rapid type of treat- 
ment and diagnostic agent. 
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The Necessity of Fluorine in the Diet of the Rati* J. F. McClendon 
and Wm. C. Foster (Deptl of Physiology, Hahnemann Med, Coll.). Since 

Aided by a grant from the Aluminum Company of America. 
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all foodstuffs we analyzed contained fluorine, we used fluorine-free corn, 
sunflowers, soy beans and yeast grown by hydroponics. To avoid the 
fluorine in city air, a greenhouse was built on Trooper Road. Traces of 
fluorine in rain water from a glass roof were removed by acid exchange 
resin, amberlite IR4. Fluorine was removed from reagent nutrient salts 
by making a stock solution about pH 12 and before more than 10 % of 
the calcium phosphate precipitated filtering by suction into enough 
fluorine-free sulfuric acid to bring the pH to 4.5 and diluting to prevent 
the precipitation of gypsum. The solutions were analyzed often and air 
pumped to the roots. Two rats, which had just been weaned, on this 
diet were dying in 48 days but 1 was rerived with fluorine-containing milk 
and died in 70 days. The addition of 1% calcium citrate containing 
0.4 ppm. fluorine improved the health of 5 other rats on this diet. One 
was felled at 56 days, 1 at 70 days and 3 are living at 74 days. Since 
rats in the wild state do not have mineral supplements .and all calcium 
salts seem to be made from CaO containing 4 to 6 ppm. fluorine which 
accompanies the calcium through purification processes, we think the diet 
without additional calcium justified. Soy beans contain 0.25% calcium 
and sunflower seeds 0.2%. Fluorine is passed from mother to offspring 
and the less fluorine in the mother’s diet, the fewer young are born and 
the less is the milk supply of the mother. All these rats had extensive 
decay of the molar teeth ; in some cases all of the crowns were lost. 


Somatic Factors in Electroencephalography. T. Cunliffe Barnes 
(Dept, of Physiology, Hahnemann Med. Coll, and Hosp. of Phila.). 
In 46 persons, 28 gave abnormal delta EEGs in overventilation; 18 had 
good vital capacities and 10 poor. In the 18 that gave normal EEGs in 
overventilation, 13 had poor and only 5 had good vital capacities. A 
good vital capacity produces sufficient hypocapnia to slow the EEG. 
Of 22 army medical students, 11 had 90 to 130 mg. per 100 cc. blood sugar 
(non-fasting), and most showed abnormal overventilation EEGs, while 
11 with levels of 130 to 160 had few abnormal waves in overventilation 
EEGs. Blood sugar enables the brain to withstand the vasoconstriction 
of hypocapnia. In 23 persons with abnormal overventilation EEGs, the 
pulse rose 26 beats per min. (average), while in 10 -with normal over- 
ventilation EEGs, the pulse rise was only 15 beats. In 11 cases with 
abnormal overventilation EEGs, theskin temperature (thumb) fell 1.7° C. 
(average), and in 6 cases with normal over ventilation EEGs the skin tem- 
perature rose 0.2° C. The rising pulse and cooling skin indicates sym- 
pathetic vasoconstriction producing slow ischemic EEGs in deep breathing, 
which may be overcome by a strong parasympathetic component. Of 
15 regular breathers, 13 had low alpha waves in occipital lobes (visual 
imagery) in contrast to 12 irregular breathers (laryngeal component of 
auditory imagery) who had inactive visual centers (alpha over 70%). 

Fourteen schizophrenics had an average alpha index of 23% (5 had 
no alpha), 10 manics had alpha index of 44% (1 had no alpha). Of 
25 schizophrenics, 16 had regular pneumogram and 10 of 21 manics had 
regular breathing. The depth of the breathing recorded by a Marey 
tambour gave the most strifeng difference — 3 mm. for schizophrenics and 
9 mm. for manics. A regular, very shallow pneumographic record seems 
characteristic of dementia prsecox except during violent hallucinations. 
Seven of 9 schizophrenics with auditory hallucinations had irregular 
pneumograms- (as predicted from normals). 
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Brain waves are taken to be phase-boundary potentials produced by 
acetylcholine. Benzyl alcohol (inactive Avith acetylcholine) containing 
37% fresh human cortex generates 12 mv. negative with 0.05% acetyl- 
choline (in Dr. Beutner’s oil-cell). 


Experience With Mild Exercise as a Test for the Convalescent State.* 
Isaac Starr, R. Mayock and M. G. Battles (Hartzell Research Dept, 
of Therapeutics and Harrison Dept, of Surgical Research, Univ. of Penna.). 
By means of a standard exercise test, lifting a 10 pound iron bar from the 
chest to arms length above it, Ave haA^e sought to demonstrate physiologic 
abnormalities during convalescence from surgical procedures. 

Oxygen consumption and volume and rate of respiration haA'^e been 
determined before, during, and after standard exercise. Cardiac output 
(ballistocardiogram) and pulse rate Avere estimated before, just after, and 
5 minutes after the same standard exercise. 

Measurement of the amount of the changes induced by the exercise 
revealed no significant differences Avhich could be attributed to conval- 
escence. HoAvever, wheli attention was given to the duration of the 
changes induced by the exercise, the averages shoAved, significant differ- 
ences, the increased oxygen consumption, respiration, and pulse rate 
declining to the resting level more sloAvly during convalescence than 
before operation. 

The resting respiration and oxygen consumption were not significantly 
changed during convalescence. 

The variability in the physiologic response to exercise Avas so large that 
a test of the type used gives no promise of providing a satisfactory measure 
of the duration of convalescence in indhddual cases. HoAvever, the sIoav 
return to normal of pulse rate, respiration, and oxygen consumption after 
exercise is over may have some value as an indication of persisting abnor- 
mality in certain individuals and will provide significant differences Avhen 
data obtained from a series of 10 or more cases are averaged. 


Dietary Requirements for Nitrogen Equilibrium in the Period Imme- 
diately Folio-wing Certain Major Surgical Operations.* C. Riegel, J. E. 
Rhoads, C. E. Koop, R. P. Grigger, L. Bullitt and D. Barrus (Harri- 
son Dept, of Surgical Research, Univ. of Penna.). Surgical patients kept 
on the usual hospital regime folloAving gastric and cranial operations were 
found to be in negative nitrogen balance during the first 5 postoperatiA’^e 
days. By placing such patients on a diet by mouth or Abbott-Rawson 
tube containing approximately 0.25 gm. nitrogen and 25 calories per kilo- 
gram daily, or over, a majority could be brought into positive nitrogen 
balance. The types of food used were: (1) regular mixed house diet, 
(2) Amigen (Mead Johnson & Co.), (3) Amigen plus house diet, (4) gastros- 
tomy mixture (milk, skim milk powder, egg, cottage cheese, soy bean 
flour) and (5) lactalbumin hydrolysate. Both hydrolyzed protein and 
AA'hole protein at this level were equally effectiA'^e. 

Patients fed intraA^enously at this same level with gelatin alone or 
Amigen alone Avere in negatiA’^e nitrogen balance, suggesting that intra- 
A^enous feeding is perhaps not as effective as tube feeding. 

Plasma protein concentration often increased AA’hen patients Avere given 

* Work done under contract -n-ith the Office of Scientific Research and Development. 
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special feeding, even though they were not given over 0.25 gm. nitrogen 
and 25 calories per kilogram or were not in nitrogen equilibrium. 

Weight loss in patients on diets of 0.25 gm. nitrogen and 25 calories per 
kilogram daily was less than in those patients kept on the usual hospital 
regime. 


The EfEect of Ultra-violet Irradiation on the Toxicity and Chemothera- 
peutic Action of Stilbamidine. L. D. Seager, G. R. Wells, and Gina 
Castelnuovo (Depts. of Pharmacology and Anatomy, Woman’s Med. 
Coll, of Penna.). Solutions of the various salts of stilbamidine are fluores- 
cent. On irradiation by ultra-violet light this property is altered and, as 
shown by Fulton and Yorke, the toxieity for mice is increased 6 to 8 times. 
According to Henry, some of the stilbamidine is changed from the trans 
to the cis form and some is changed to 1, 2, 4, 5 tetra (4 amidino phenyl) 
cyclobutane. In experiments on dogs we have found that the irradiated 
compound produces a greater fall in blood pressure than the non-irradiated 
drug. In 5 dogs the dosage of the irradiated solution was altered until 
equivalent changes in pressure were produced to those of a standard dose 
of the non-irradiated drug. The depressor effect was potentiated 3 to 
4 times. With equal falls in pressure however, the irradiated solution 
gave a more prolonged depressor effect. Mice inoculated with T. equiper- 
dum, 1,000,000 per kg., were treated with varying doses of the irradiated 
and the non-irradiated compounds. The agents were given orally 3 times 
daily for 4 days. The ED 50 for bringing about the cure of the infection 
was between 1 and 1.2 mg. per kg. for the normal drug, and between 3 and 
4 mg. per kg. for the irradiated solution. Boiling solutions of the drug 
for 2 hours did not alter its toxic or therapeutic properties. It is apparent 
that irradiation increases the toxicity of stilbamidine 3 and 4 times, but 
reduces its chemotherapeutic effect to a similar extent. 
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An Introduction to Somatic Methods of Treatment in Psychiatry. By 
William Sargant, M.A., M.B. (Cantab.), M.R.C.P., D.P.M., Medical 
Officer, Maudsley Hosp., and Eliot Slater, M.A., M.D. (Cantab.), 
M.R.C.P., D.P.M., Medical Officer, Maudsley Hosp. Pp. 171. Balt.: 
Williams & Wilkins, 1944. Price, S2.50. 

In this book is found a battery of physiochemical therapies for the psy- 
choses — insulin and electric shocks, continuous sedations, vitamins and endo- 
crines and others. On one hand these procedures link psychiatry with general 
medicine; on the other they fight the great discourager in psychiatry— chron- 
icity. 

The chapter on insulin shock is detailed and trustworthy. The remarks 
on depth of stupor and treatment of prolonged stupor should be followed by a 
reading of 1944 articles by Himerich and Rivers and Rome, which go more 
deeply into the subject. The various treatments of the epilepsies make an 
interesting section because of the new suggestions and controls opened up by 
the electro-encephalograph. The authors put a discussion of psychotherapy 
as a help to somatic means in a final short chapter. 

This is a sound, stimulating book for the beginner in psychiatry. There is 
no bibliography. E. B. 


Manual of Tropical Medicine. Prepared under the Auspices of the Divi- 
sion of Medical Sciences of the National Research Council. By Col. 
Thomas T. Mackie, M.C., A.U.S. (and 8 others). Pp. 727: 287 ills., 6 in 
color. Phila.: Saunders, 1945. 

This is an excellent example of printing and binding; but, as a presentation 
of the essentials of Tropical Medicine, it leaves something to be desired. 
Not that it does not contain essentials and more, as indicated bj’^ the following 
chapter headings: The Viruses, Rickettsial Diseases, Spirochetal Diseases, 
Bacterial Diseases, Protozoal Diseases, Helminthic Diseases, Nutritional Dis- 
eases, Miscellaneous Conditions, Medically Important Arthropods and Labora- 
tory Diagnostic Methods. The “Miscellaneous Conditions” are Bartonellosis, 
Tropical Ulcer, Desert Sore, Cutaneous Diphtheria, Granuloma Inguinale; 
Scabies, Effects of Heart, and Certain Medically Important Animals. The 
general plan of the book is said to be more or less the same as the course in 
Tropical and Military Medicine as presented by the authors and their col- 
leagues at the Army Medical School. All of this is excellent and so are the 
many photographs and charts which illustrate the book; but the text is not 
well written. In fact it makes unnecessarily difficult reading. This is not 
only my opinion but also that expressed by undergraduate medical students 
to whom the book had been assigned. These might not be regarded as major 
faults in the discussion, but lack of coherence in one place or wordiness in 
another can 0 ^ 3 "^ discourage an overworked student. The text hardly justifies 
the title “A Manual of Tropical Medicine.” H. R. 


On Modern Syphilotherapy With Particular Reference to Salvarsan. 
By Albert Neisser. Translated by Isabelle von Sazenhofen War- 
TENBERG. Pp. 42. Balt.: Johns Hopkins Press, 1945. Price, 81.00. 
This reprint from The Bulletin of the History of Medicine (16, 469, 1944) 
contains a biography of Albert Neisser and a bibliography of his works by 
Frances Tomlinson Gardner, together with a translation by Isabelle von Sazen- 
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hofen Wartenberg, of his article, “ On Modern Syphilotherapy With Particular 
Reference to Salvarsan.” 

J. E. Moore has recently {Am. J. Syph., Gonor. and Ven. Dis., 29, 185, 1945) 
stated that "the chemotherapy of syphilis is divisible into three periods of 
very unequal length; the first lasting 410 years, from 1493 to 1903; the 
second 40 years, from 1903 to 1943; the last, in which the doors of knowledge 
have as yet opened only a tiny crack, for 16 months, from June 1943 to the 
present moment.” Now that we are in the midst of the third — penicillin era— 
it is refreshing to read a first-hand presentation of principles by one of the 
pioneers of the second period which up to now has been called “modern” 
syphilology. The content of Neisser’s dissertation -is very timely, as experi- 
ence with penicillin is emphasizing more and more' that many of the facte he 
stressed, prolongation of treatment, combined treatment, and so forth, are 
applicable to effective penicillin therapy of syphilis. 

The biographer has given a sympathetic and touching sketch of Neisser, 
and the bibliography indicates the range of his busy scientific life. 

The book, considering wartime restrictions, is attractively presented. The 
Reviewer believes everyone interested in syphilology should read this volume. 

H. B. 


Tropical Medicine. By Sir Leonard Rogers, K.C.S.I., C.I.E., LL.D., 
M.D., B.S., F.R.C.P., F.R.C.S., F.R.S., Major-General, I. M. S., Ret., 
Physician and Lecturer, Lond. School of Trop. Med.; Lecturer on Trop. 
Med., Lond. School of Med. for Women; Late Professor of Pathology, 
Medical Coll., Calcutta; and Sir John W. D. Megaw, K.C.I.E., B.A., 
M.B., Hon. D.Sc. (Queen’s Univ., Belfast), Major-General, I. M. S., Ret., 
Late Lecturer, Lond. School of Trop. Med.; Director-General, Indian Med. 
Serv.; and Director and Professor of Trop. Med., Calcutta School of Trop. 
Med. and Hyg. 5th Ed. Pp. 518; 2 colored plates and 87 textefigures. 
Baltimore; Williams & Wilkins, 1944. 

The 5th edition of this book in less than 15 years speaks for itself. It also 
reflects well the high places of the authors in the field of Tropical Medicine. 
Not only is this book a product of long personal experience both in teaching 
and research, but, equally important, it is well written. Of the illustrations 
(charts and maps), the charts which portray insect-borne disease are espe- 
cially good. They combine the development of pathogens in the vectors with 
the story of the diseases in man, giving the time in days required for the 
vector to become infective, the fate of the organism in the vector, incubation 
period for man, mode of onset, temperature curve and other distinctive 
changes. Directions for treatment reflect the views and background of the 
authors and could have been presented more effectively by tabulation. In 
this respect it may be noted that quinacrine (atabrine) does not recetee the 
place it deserves in the therapy of malaria. There are other examples of 
conservatism in the book, but these do not lessen its value. It can be recom- 
mended as a brief but adequate discussion of Tropical Medicine. H. R. 


Outline of the Amino Acids and Proteins. By Melville Sahtun, 
M.D., Ph.D., Vice-President and Director of Research, Frederick Stearns 
& Co. With 13 contributing authors. Pp^ 251. Ne\V York; Reinhold 
Pub. Corp., 1944. Price, $4.00. 

Interest in problems dealing with proteins and amino acids has developed 
widely in many fields of biologic and medical sciences. Students vdll find 
this book of particular interest for its presentation of the elements of the 
chemistry and biochemistry of the amino- acids and proteins in a simple, 
readable manner. 

The subject is presented in 12 chapters by qualified contributing authors; 
Discovery of the Ammo Acids (Meli^e Sahyun); Occurrence, Amino Acid 
Content and Properties (C. L. A. Schmidt); Protein Structure (H. B. Bull); 
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Hydrolysis of Proteins (Melville Sahyun) ; Synthesis and Isolation of Certain 
Amino Acids (H. E. Carter and I. E. Hooper) ; Methods of Analysis for Amino 
Acids and Proteins (D. M. Greenberg); Relation of Amino Acids and Their 
Derivatives to Immunity (Michael Heidelberger) ; Relation of Amino Acids 
to Biologically Important Products and the Role of Certain Amino Acids in 
Detoxication (A. J. Quick); Metabolism of Proteins and Amino Acids (W. M. 
Cahill); Intermediary Metabolism of Individual Amino Acids (W. M. Cahill); 
Nitrogen Equilibrium and the Biological Value of Protein (W. M. Cahill and 
A. H. Smith); Amino Acids and Proteins in Nutrition (Madelyn Womack and 
C. F. Kade). 

Approximately half of the book is concerned with fundamental chemistry 
of the amino acids and proteins; the remainder is devoted to biochemistrj'' 
and metabolism. There is considerable duphcation in the information pre- 
sented in the last 5 chapters, as can be predicted from the titles of the chapters. 
Adequate bibliographic references to current literature are api)ended to each 
chapter, and an appendix lists U. S. patents issued on amino acids and related 
organic compounds. H. V. 


The Etiology, Diagnosis, ano Treatment of Amebiasis. By Charles 
Franklin Craig, M.D., M.A. (Hon.), F.A.C.S., F.A.C.P., Col., U.S.A., 
Retired, D.S.M. 

Amebiasis and amebic dysentery are as widespread as fecal contamination 
of food and drink. This is an established fact of many years standing, but so 
often is it overlooked or forgotten that it might just as well be a new discovery. 
Explanation of this state of affairs is not difficult. First, textbooks published 
in the United States commonly draw on material from North China, the 
Philippines or Panama. Thus Endammha histolytica comes to be associated 
with the tropics or with poorly sanitated regions of the Orient. With little 
more effort, authors might just as well illustrate their texts ^vith cases that are 
buried in the records of every northern hospital of any size. Another and 
perhaps more important block to recognition of clinical cases of amebiasis 
is microscopic examination of feces. This is a difficult and unpleasant task. 
It cannot be trusted to the average laboratory technician, and, until it may 
be or until the “higher brass” may be persuaded to accept this responsibility, 
the great majority of cases of amebiasis wiU pass undiagnosed. Fortunately 
most of them tend to be relatively mild. 

More than any other American author Colonel Craig has attempted to 
stimulate justifiable interest in amebiasis in this country. In numerous 
papers and addresses he has discussed epidemiolog}’-, diagnosis and treatment 
and in 1934 Charles C Thomas published his monograph “Amcebiasis and 
Amoebic Dysentery.” This book under review is essentially a rewsion of this 
monograph. It is an up-to-date consideration of infection bj'^ Endamaba 
histolytica and, if it receive the attention which it and this infection warrant, 
fewer cases of amebiasis and amebic dysenterj-^ vdll go undiagnosed. 

H. R. 


Pathology of Labor, the Puerpbrium and the Nevtiorn. By Charles 
0. McCormick, A.B., M.D., F.A.C.S., Clinical Professor of Obstetrics, 
Indiana Univ. School of Medicine; Consulting Obstetrician to William H. 
Coleman Hosp. for AVomen, Indianapolis City Hosp. and Sunnj' Side 
Sanitarium. Pp. 399; 191 figs. St. Louis: Mosby, 1944. Price, S7.50. 
This volume is based upon the author’s lectures prepared for senior medical 
students. The material is presented in the form of a synopsis, arranged with 
numerous paragraph headings, and the majority of the facts are arranged 
numerically. _ Its condensed form makes it ideal as a means for preparing 
for examinations. The disadvantage of such a form of preparation lies in the 
fact that it tends to place a premium on memorizing. D. M. 
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Duodenal and Jejunal Peptic Ulcer. By Rudolf Nissen, M.D., Attend- 
ing Surgeon, Jewish Hosp. of Brooklyn; Member, Medical Advisory Board, 
National Jewish Hosp. of Denver; Formerly Professor of Surger}'^ and Head 
of Department of Surgerj', Univ. of Istanbul; and Associate Professor of 
Surger 3 ', Univ. of Berlin. Pp. 143; 123 figures. New York: Grune & 
Stratton, 1945. Price, 84.75. 

This book deals with the surgical technique of gastro-duodenal resections 
for duodenal ulcer. It is adapted for those engaged in gastric surgery. 

The first part presents the various techniques of resection for duodenal 
ulcer along with an evaluation of the results to be expected. The author 
includes his own technique of resection and closure of the duodenal stump in 
penetrating ulcers of the posterior duodenal wall. The second part is devoted 
to the technique of resection of postoperative marginal ulcers and fistulas. 
A 2-stage operation is presented for poor risk patients. 

The book is well illustrated, and the subject matter is clearly presented. 
It should be of value to all who are concerned with the technical aspects of 
surgery of ulcers and particularly with the more complicated problems for 
which secondarj' operations are required. • R. P. 


The New Y ork Hospital. A Historj’- of the P.S}mhiatric Service (1771-1936) . 

By WiLLiAJi Logie Russell, Professor of Psychiatry, Emeritus, Cornell 

Univ. Medical Coll.; Consulting Psjmhiatrist, New York Hosp. Pp. 556. 

New York: Columbia Univ. Press, 1945. Price, 87.50. 

As is stated on the cover, “this work gives an account of the earliest, and 
for almost 50 years, the only provision for the hospital treatment of the 
mentally ill in the state of New York. The project was instituted in 1771, by 
a small group of physicians and other private citizens in connection with the 
establishment of a general service and teaching hospital in New York City 
.... Phj'sicians, nurses, hospital managers, and others officially concerned with - 
the problems of mental illness will find encouragement and guidance in the 
experiences related. In addition, this intimate account of the development 
of a well-controlled and liberally supported service will be useful to teachers 
and students of psychiatry and mental hy^ene and to those interested in 
social history and organization, New York history, the historj"^ of psychiatric 
nursing education, and pubhc welfare.” 

This book is naturallj’- of special interest to those connected with the New 
York Hospital and those interested in psychiatric hospitals.' As a publicly 
available record, the advantage of such detailed local histories so greatly out 
weighs the occasional, unavoidable tedium of the story, that the matter does 
not seem to require further argument — the more such good local productions 
the better! E. K. 


' IVoMEN AND Men. By Amkam Scheinfeld, Author of “You and Heredity.” 

Pp. 453. Illustrations by the Author. New York: Harcourt, Brace, 1944. 

Price, 83.50. 

This book in semi-popular style bj-^ an experienced writer in the field aims 
to help the two sexes understand themselves in relation to each other. The 
author first touches on Mj’^ths and Muddles arising from failures in under- 
standing, then in the other 29 chapters, he pursues his theme of basic sex 
differences in logical order: first the seed, then first steps and puberty, with 
emphasis on the earhest years when developing sex differences are most sig- 
nificant; sickness; sex fife; crime; labor, and so forth to the “marriage of 
tomorrow.” Added to evidence of the lesser role of the male in procreation, 
he has added instances of greater female power of non-muscular kinds and 
of persistence in each sex of bisexual characteristics, all leading to the more 
important place occupied by woman in modern fife. This same well-informed 
exposition of. the overlapping behavior patterns of the two sexes should be 
profitable to the phj’^sician as well as to the discerning lay man. E. K. 
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The Chemistry and Physiology of Hormones. Publication of the Ameri- 
can Association for the Advancement of Science. Edited by Forest Ray 
Moulton. Pp. 243. Washington, D. C.; American- Assn. Advanc. of 
Sci., 1944. Price, $3.50 ($4.00). 

This is a Symposium volume of 17 papers presented during a 5 days. 
Research Conference at Gibson Island, Md., during 1943. The papers are 
reviews that were presented by selected active research workers, with modifi- 
cations made as a result of discussions that ensued among those attending 
the conference. There are many charts and illustrations. Over 200 refer- 
ences are combined at the end of the book. 

As a compilation of data and expression of modern concepts of the chemistry 
and physiology of hormones, the book presents desirable authoritative informa- 
tion about research aspects of endocrinology. 

The pituitary receives greatest emphasis, the parathyroids are entirely 
omitted. I- Z. 


NEW BOOKS 

Penicillin and Other Antibiotic Agents. By Wallace E. Herrbll, M.D., 
M.S., F.A.C.P., Assistant Professor of Medicine, the Mayo Foundation, 
TJniv. of Minnesota; Consultant in Medicine, Mayo Clinic, Rochester, Minn. 
Pp. 348; 45 figs.; 45 tables. Phila.: Saunders, 1945. Price, $5.00. 
Transactions of the Association of American Physicians. Fifty-eighth Session 
Held at Atlantic City, N. J., May 9, 1944. Vol. LVIII. Pp. 204. Phila.; 
Assn, of Am. Phys., 1944. 

Foster Home Care for Mental Patients. By Hester B. Crutcher, Director 
of Social Work, State of New York, Department of Mental Hygiene. Pp. 
199. New York: Commonwealth Fund, 1944. Price, $2.00. 
Fundamentals of Pharmacology. By Clinton H. Thienes, M.D., Ph.D., 
Professor and Head of the Department of Pharmacology, School of Medi- 
cine, Univ. of Southern California. Pp. 497. New York: Hoeber, 1945, 
Price, $5.75. 

The Psychology of Women. A Psychoanalytic Interpretation. Vol. II. 
Motherhood. By Helene Deutsch, M.D., Associate Psychiatrist, Massa- 
chusetts General Hosp.; Lecturer, Boston Psychoanalytic Institute. Pp. 
399. New York: Grune & Stratton, 1945. Price, $4.50. 

Modern Psychiatry. By William S. Sadler, M.D., F.A.P.A., Consulting 
Psychiatrist to Columbus Hosp.; Consultant in Psychiatry, The W. K. 
Kellogg Foundation; Fellow of the American Psychiatric Assn.; Member of 
the American Psychopathologic Assn. Pp. 896. St. Louis: Mosby, 1945. 
Price, $10.00. 

Ageing and Degenerative Diseases. Edited by Robert A. Moore, School of 
Medicine, Washington Univ. Vol. XI of Biological Symposia. A series of 
Volumes Devoted to Current Symposia in the Field of Biology. Edited by 
Jaques Cattell. Pp. 242. Various tables and figs. Lancaster: CatteU 
Press, 1945. Price, $3.00. 

Francois Magendie. Pioneer in Experimental Physiology and Scientific Medi- 
cine in XIX Century France. By J. M. D. Olmsted, Professor of Physiol- 
ogy, Univ. of California. With a Preface by John F. Fulton. Illustrated. 
Pp. 290. New York; Schuman’s, 1944. Price, $5.00. 

The Chemical Formulary. A Collection of Valuable, Timely, Practical Com- 
mercial Formulse and Recipes for Making Thousands of Products in Many 
Fields of Industrj^. Vol. VII. Editor-in-Chief, H. Bennett. Pp. 474. 
Brookljm: Chemical Publishing Co., 1945. Price, $6.00. 

Malaria, Primate. _ By S. D. Aberle, M.D, National Research Council, 
Division oi Medical Sciences. Pp. 171. Issued by the Office of Medical 
Information (Under grant of the Johnson & Johnson Research Foundation), 
March, 1945. 

Public Medical Care. Principles and Problems. By Fr.anz Goldmann, M.D. 
Pp. 226. New York; Columbia Univ. Press, 1945. Price, $2.75. 
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NEW EDITIONS 

Diseases of the Nervous System in Infancy, Childhood, and Adolescence. By 
Frank R. Ford,' M.D., Associate Professor of Neurology, The Johns Hop- 
kins Univ. Second Ed. Pp. 1143; 164 ills., 22 charts, 14 tables. Springfield: 
Thomas, 1944. Price, S12.50. 

Infants and Children. Their Feeding and Growth. By Frederic H. Bart- 
lett, M.D., Attending Pediatrician, Babies’ Hosp., New York City. New 
Ed. Pp. 428. New York: Farrar & Rinehart, 1944. Price, S2.00. 

Essentials of Body Mechanics in Health and Disease. By J oel E. Goldthwait, 
M.D., F.A.C.S., LL.D., et al. With a Chapter on the Heart and Circulation 
as Related to Body Mechanics, by William J. Kerr, M.D., F.A.C.P. 
Pp. 337 : 128 ills. Fourth Ed. Phila.: Lippincott, 1945. Price',' 85.00. 

Dietary of Health and Disease. Bj’^ Gertrude I. Thomas, Assistant Professor 
of Dietetics, Univ. of Minnesota. Fourth Ed. Pp. 308; illustrated. Phila.: 
Lea & Febiger, 1945. Price, S3.50. 

The Management of Obstetric Difficulties. Bj' Paul Titus, M.D., Obstetrician 
and Gynecologist to the St. Margaret Memorial Hosp., Pittsburgh; Secre- 
tary of the American Board of Obstetrics and Gynecology; Commander 
(MC), USNR, attached to Professional Division, Bureau of Medicine and 
Surgery, Navy Department, Washington, D. C. Third Ed. Pp. 1000; 
426 ills, and 8 color plates. St. Louis; C. V. Mosby, 1945. Price, 810.00. 

The Human Mind. By ICarl A. Menninger. Third Ed. Pp. 517; cor- 
rected, enlarged and rewritten. New York: ILnopf, 1945. Price, 85.00. 

The Basis of Clinical Neurology. The Anatomy and Physiology of the Nervous 
System in Their Application to Clinical Neurology. By Samuel Brock, 
M.D., Professor of Neurologj’’, CoU. of Medicine, New York Univ. Second 
Ed. Pp. 393; 72 figs. Baltimore: Williams & Wilkins, 1945. Price, 85.50. 

A Synopsis of Medicine. By Sir Henry Letheby Tidy, K.B.E., M.A., M.D., 
B.Ch. (Oxon,), F.R.C.P. (Bond.), Extra Physician to H. M. The King; 
Consulting Physician to St. Thomas’s Hosp. Eighth Ed., rewsed and en- 
larged. Pp. 1215. Baltimore: Williams & Wilkins, 1945. Price, 87.50. 

Textbook of Neuropathology. By Arthur Weil, M.D., Associate Professor of 
Neuropathology, Northwestern Univ. Med. School. Second Ed. Pp. 370; 
289 ills. New York: Grune & Stratton, 1945. Price, 85.50. 
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SULFADIAZINE WITH THAT OF ORDINARY 
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PEINCrPAL BIOCHEMIST, PHILADELPHIA GENERAL HOSPITAL 
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(With the technical assistance of Lillian Pollack) 

PHILADELPHIA, PA. 

(From the Committee on Chemotherapy, Philadelphia General Hospital) 

Frequently the need arises, particularly in the treatment of 
children, for administration of sulfonamides orally in a liquid form. 
It is not possible to obtain solutions of the more effective compounds, 
such as sulfadiazine, because of their low solubility in water. The 
sodium salts are soluble, but their solutions are not permanently 
stable. Suspensions of the ordinary crystalline material tend to settle 
out rapidly, and as is shown in this paper, are inferior in some respects. 
In contrast, microcrystalline preparations of sulfadiazine and sulfa- 
thiazole remain suspended for weeks or even longer, and thus appear 
capable of providing the required fluid dosage form. 

IMicrocrystalline sulfonamides have shown differences from ordinary 
sulfonamides in both pharmacodjmamic behavior and therapeutic 
activity In general, such differences suggest that in micro- 
crystalline form the activity is enhanced, but the information available 
is limited, and it is desirable that further Investigations be made. 

The results of such studies are presented in this paper. The rate of 
absorption ,and urinary excretion after ingestion of microcrystalline 
sulfadiazinef lias been compared with that observed when ordinary 

* This work was aided by a grant from the Research Fund for Infectious Diseases, 
University of Pennsylvania, Pliiladelphia. 

t Microcrystalline sulfadiazine measures 1 x 1 .v 3 microns and is approximately 
1/350 of the mass of ordinary sulfadiazine crystals. 

VOL. 210, NO. 2 — AronsT, 1945 
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sulfadiazine was administered. The effects of food and of sucrose and 
flavoring material on the rate of absorption were also studied. Con- 
centrations established in blood when patients received microcrystal- 
line sulfadiazine have been compared with those obtained when 
ordinary sulfadiazine was used. Finally, the therapeutic activity of 
sulfadiazine in these two forms has been evaluated. 

Materials and Methods. For the comparison of the behavior of micro- 
crystalline sulfadiazine with that of ordinary sulfadiazine convalescent adult 
patients of the Medical Wards of the Philadelphia General Hospital served 
as subjects. The various preparations were examined under conditions closely 
comparable, with respect to type of subject, time, dosage, etc. In most 
instances, the same individual served as subject for comparison of different 
preparations. Each was given 3 gm. of the preparation being used, body 
weight being disregarded. Blood and urine specimens were collected at the 
times shown in the graphs; serum was used for the sulfadiazine determinations. 
These were made by the method of Bratton and Marshall with the aid of 
a IGett-Summerson photoelectric photometer. The term “ordinary” sulfa- 
diazine has been employed in this paper to distinguish the usual crystalline 
sulfadiazine, either in U.S.P. tablet form or as suspensions in water or sucrose, 
from the microcrystalline preparation. 



Fig. 1. — Response to microcrystalline sulfadiazine, compared with that to ordinary 
sulfadiazine as shown by serum sulfadiazine concentrations. Average serum sulfa- 
diazine concentration at timed intervals after ingestion. Circles: all microcrystalline 
preparations, 36 subjects. Solid circles: ordinary sulfadiazine preparations, 30 sub- 
jects. Each subject received 3 gm. 

Results. Figure 1 shows the trend of the concentrations of sulfa- 
diazine in serum, following ingestion of microcrystalline sulfadiazine 
(upper curve) in contrast to that seen when ordinary sulfadiazine 
(lower ciuve) was ingested. When the former was used, the concen- 
trations in sermn are distinctly higher during the first 6 'hours. The 
difi^erence is greatest in the earlier specimens, then gradually dimin- 
ishes following the 4th hour. The difference* was still significant at 

* Differences were tested by Fisher’s T test, as described by Goulden.* At the 6th 
hour, p<0.05 and>0.02. 
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the 6th hour, but extrapolation of the curves indicates that beyond 
this point the two would meet and probably intersect. At 24 hours 
the concentrations were the same. 

Since the preparation of sulfadiazine microcrj^stals used (Eskadia- 
zine)* contained sucrose and essential oils, it was thought important 
to evaluate the contribution of these substances to tlie differences 
between the sulfadiazine in micro- and ordinary crystalline form. 
For this purpose, a separate group of 7 subjects was given microcrystal- 
line sulfadiazine (Fig. 2) suspended in water, and without the flavoring 
material. The response did not differ from that of the principal 
group of 17 subjects. 



Fig. 2. — Response to microcrystalline sulfadiazine as shown by serum sulfadiazine. 
Effect of flavoring material and of fasting. Ovals: sucrose and essential oils present, 
non-fasting, 17 subjects. Solid rectangles: suspension of microcrj'stals in water, non- 
fasting, 7 subjects. Solid ovals: sucrose and essential oils present, fasting, 12 subjects. 


However, fasting did exert a definite influence. Subjects who had 
taken their last meal 16 hours before responded with a much smaller 
rise in serum sulfadiazine concentration. Two hours after ingestion 
of the flavored microcrystalline material, the average concentration 
was significantly less than when the subjects had partaken of food 
within the preceding 2 or 3 hours. The difference persisted during 
the 6 hour period of observation. 

The marked effect of fasting on uptake of sulfadiazine administered 
as microcrj’^stals was not observed when ordinarj'^ preparations of 
sulfadiazine were used (Fig. 3). Likewise, inclusion of sucrose in 
amount sufficient to prevent settling of the crystals (about 20%) 
together with essential oils as flavoring, had no effect. The slower 
more gradual rise in serum sulfadiazine when sulfadiazine tablets were 
given was at first attributed to delay in disintegration of the tablet. 

* This and other sulfadiazine preparations used were supplied througli tlie courtesy of 
Smith, Kline & French Laboratories, Inc., Philadelphia. 
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However, administration of a suspension of crushed tablets failed to 
alter the response. 

The individuals receiving preparations of microcrystals excreted 
more sulfadiazine in urine during the first 6 hours than- did those who 
received plain sulfadiazine (Fig. 4). The difference was statistically 
significant. In subsequent periods there were smaller differences 
which however were not significant. The average total output in 
48 horns of 11 subjects of the group receiving microcrystals was 
1.999 grams and that of 10 subjects who received sulfadiazine was 
1.699 grams. This difference likewise Avas not significant. 



HOURS 

Fig. 3. — Effect of fasting and flavoring material, together with a comparison of tablets 
and suspensions of sulfadiazine on sulfadiazine concentrations in serum. Rectangles: 
sulfadiazine tablets, non-fasting, 9 subjects. Solid upright triangles: sulfadiazine sus- 
pension, non-fasting,' 8 subjects. Open triangles: sulfadiazine suspension with added 
sucrose, fasting, 6 subjects. Solid inverted triangles: sulfadiazine suspension with 
added sucrose, non-fasting, 7 subjects. 


It will be seen that the standard errors (Fig. 4) of the averaged urine 
excretions were much smaller in the group receiving microcrj^stalline 
preparations than in those receiving plain sulfadiazine. Likewise, 
there Avas less A^ariation in the indiAudual serum sulfadiazine curves 
when microcrystalline preparations were ingested. This more uni- 
form response AA’hen microcrj’^stals were administered was a consistent 
finding. Tlie same indmduals to a predominant extent made up the 
two groups; thus indiAudual differences AA^ere not the cause. 

Fortj^-fiA^e patients recehang microcrA^stalline preparations (4 gni. 
per day at 6 hour intervals) for periods up to 10 days showed an 
aA’erage sulfadiazine concentration of 9.3 mg. per 100 cc. serum. An 
entirely comparable group of 45 receiving sulfadiazine in the same 
amoimt, either as tablets or as a suspension in sucrose solution Avith 
other flaA'oring material, jdelded an aA’-erage of 10 mg. per 100 cc. 
The difference is not statistically significant. 
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Observation of the therapeutic action of microcrj^stalline sulfa- 
diazine in 75 patients suffering from pneumonia showed no eAudence of 
decreased therapeutic effectiveness or of increased toxicity, as com- 
pared with ordinary sulfadiazined 


MACROCRYSTALLINE 



o MICROCRYSTALLINE 
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Pig. 4. — Excretion of sulfadiazine in urine after ingestion of microcrystalline prepara- 
tions compared w-ith ordinary sulfadiazine preparations. The dotted lines and arrows 
show the standard errors of the means. 


Discussion. The more rapid rise in concentrations of sulfadiazine in 
serum and the more rapid excretion in urine during the 1st hours fol- 
lowing ingestion of microcrj^stalline sulfadiazine must be the result 
of an increased rate of absorption when in this form. The most 
plausible explanation is that microcrj’stalline material remains in sus- 
pension in the stomach and consequently is moved toward the pylorus 
and discharged into the duodenum sooner tlian is ordinary sulfadiazine. 
The latter settled from suspensions in water rapidly and thus could 
easily deposit in the body of the stomach, with the result that its 
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movement toward the pyloric antrum would be delayed. Suspensions 
of ordinary crystals in sucrose were more permanent but their effect 
was negligible, again because dilution of the sucrose in the stomach 
would permit precipitation. 

Accelerated absorption of microcrystalline sulfadiazine when the 
stomach contains food probably is the result of increased peristaltic 
activity causing more rapid movement of the suspended material into 
the pylorus. Absence of a similar effect of food when ordinary crys- 
tals are ingested would likewise be the result of failure of such crystals 
to remain suspended as the contents of the stomach became liquefied. 
It should be noted that Peterson and Finland'^ observed higher con- 
centrations of sulfadiazine in blood when their subjects had eaten 
breakfast than in fasting subjects. The difference observed was quite 
similar to that seen in the group described by us who had ingested 
microcr 3 ^stalline sulfadiazine. We failed to find any indication of a 
similar effect in our subjects when ordinary sulfadiazine was investi- 
gated. No evidence exists, that absorption of sulfadiazine occurs in 
the stomach. Even if it were physiologically feasible, the solubility 
in acid solutions is so very low as to preclude any appreciable contribu- 
tion to the serum sulfadiazine concentration from this source. 

Another possible explanation for the more rapid uptake of sulfa- 
diazine in microcrj^stalline form is a difference in rate of solution when 
in contact with alkaline secretions in the intestine. , However, experi- 
ments in which sulfadiazine, either in ordinary or microcrj^stalline 
form, was exposed briefly to solutions of sodium bicarbonate at pH 8 
failed to show a difference between the two with respect to the amount 
dissolved. 

Summary 1. Patients receiving by mouth suspensions of micro- 
crystalline sulfadiazine (3 gm.) showed significantly higher concentra- 
tions of sulfadiazine in serum dming the first 6 hours following its 
ingestion than did those who received ordinary sulfadiazine. 

2. The excretion of sulfadiazine in the urine of those receiving 
microcrystalline material was likewise significantly higher during this 
period. These observations indicate that microcrj^stalline sulfadiazine 
is absorbed more rapidly than is ordinary sulfadiazine. 

3. The presence of sucrose or of flavoring material had no influence 
on the rate of absorption of microcrj'^stalline sulfadiazine or ordinary 
sulfadiazine. 

4. In fasting subjects, the rate of absorption of microcrystalline sulfa- 
diazine was decreased, but remained greater than that of ordinary sulfa- 
diazine whether fasting or after meals. No such effect of fasting was 
observed in subjects given ordinary sulfadiazine. 
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PENICILLIN— ITS PRESENT STATUS IN THE TREATMENT 

OF INFECTIONS* 

The Nathan Hatfield Lecture xxrx 
By Chester S. Xeefer 

BOSTON, MASS. 

(From the Evans Memorial, Massachusetts Memorial Hospitals, and the Department 
of Medicine, Boston University School of Medicine) 

Several weeks ago, a young woman was admitted to our Clinic at 
the Evans Memorial complaining of chills and fever. She had been 
well until 3 days before admission when there was a sudden departm'e 
of health. Upon examination, it was found that she had high fever, 
pain in the right ankle joint, and the physical signs of a bilateral 
bronchopneumonia. The blood culture showed numerous colonies of 
Staphylococcus aureus. She was placed on penicillin therapy at once. 
Within the first 2 days the temperature was reduced to a lower level, 
but she developed a right-sided hemiparesis with aphasia, and the signs 
of an acute arthritis of the right ankle joint. Gradually over a period 
of 3 weeks the temperature returned to normal, the other signs of 
infection disappeared and she made a complete recovery with the 
exception of a slight weakness of the right arm. The course of this 
patient’s illness illustrates what can be accomplished in 90% of all 
cases of S. aureus infections wdth bacteremias when penicillin is given 
in adequate amounts for a sufficiently long period of time. ^Vlien one 
recalls that tlie fatality rate in this disorder is usually between 50% 
and 75% without penicillin, it is plain that penicillin has completely 
changed the outlook in this group of infections. But this is not all. 
It can be said without reservation that penicillin is the most remark- 
able chemotherapeutic agent that has been discovered up to the present 
time. \Wien one makes such a statement it is well to document it. 
In tlie first place, it is a substance of extremely great antibacterial 
power. One mg. of crystalline penicill'm is capable of inliibiting the 
growth of staphylococci in 82.5 liters of broth. It is non-toxic in 
maximum tlierapeutic doses in man. It is highly effective against a 
wide varietj’- of microorganisms of the gram-positive group. It is 
effective in both gonorrhea and si^qiliilis, the two commonest genito- 
infectious diseases. It is responsible for the reduction of the fatality 
rate in more diseases than any other chemotherapeutic agent; it 

* The -work in preparing tliis rc\’iew w.as done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Massachusetts M^emorial Hospitals, Robert Dawson Evans Memorial, 
Department of Clinical Research and Preventive Medicine. 
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shortens the clinical course of many infectious disorders, and it saves 
many days of illness and disability. When one realizes that this can 
be accomplished by an agent that destroys bacteria and other micro- 
organisms such as the Treponeina pallidum without injuring the tissues 
of the host, it deserves to be called remarkable. No other known 
agent can do as much. 

There are many fascinating historical events to be recorded in the 
development of penicillin. At this time 3 years ago, there was not 
enough penicillin in this country to treat a single patient. Two years 
ago, only 100 patients had received treatment. Today there is enough 
penicillin being produced in this country alone to supply our Armed 
Services and those of our Allies, and a moderate amount for civilians. 
This progress has been due to the combined efforts of many groups 
working in universities, hospitals, in industry and in government. 

Tonight I want to review for you the present status of penicillin 
treatment in the common infections. 

Salts Used and Routes of Administration. First of all, I shall make a 
few remarks concerning the best route of administration. There are 
2 salts of penicillin available for clinical use, the sodium and the 
calcium salts. They are both equally effective therapeutically and 
they can both be used interchangeably. The commonest route of 
administration is the intramuscular, and it is the route of choice. 
Injections may be given intermittently or continuously. It may also 
be given intravenously, and topically into the serous cavities, joint 
cavities, or into the subarachnoid space. 

In an attempt to delay absorption from local deposits in the muscles, 
penicillin has been combined with beeswax and peanut oil or with 
gelatin and vasoconstrictor drugs. These methods show considerable 
promise and when the details have been worked out, the use of such 
a method will undoubtedly reduce the number of injections required 
to maintain adequate concentrations of penicillin in the blood and 
tissues. 

When penicillin is given by mouth, the coefficient of absorption is 
small and varies between 2 and 10%. When large amounts are given 
by this route and at frequent intervals in oil, or in buffers such as 
sodium citrate, a sufficient amount is absorbed to influence the course 
of infections. In the case of gonorrhea or lobar pneumonia, recovery 
may be observed following the use of 6 to 10 times as much as is needed 
when penicillin is given parenterally. At present the use of penicillin 
by mouth is wasteful, uncertain and expensive, when compared to other 
routes of administration. 

Dosage. It is difficult, and indeed impossible, to make any absolute 
rules concerning the neeessary dosage of penicillin that will be uni- 
versally applicable. The daily and total dose will depend upon the 
type of infection, its location, the presence of bacteremia, the age and 
the clinical condition of the patient and the course of the disease. 

For example, it is a well-established fact that there is a wide varia- 
tion in the suseeptibility of various organisms to penicillin. The gono- 
coccus is the most sensitive organism so that between 50,000 and 
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150.000 units will cure 98% of cases of gonorrhea within 24 hours. 
The hemolytic Staphylococcus aureus is more resistant, so that between 

100.000 and 200,000 units a day for 1 to 3 weeks or longer may be 
required. In the case of bacterial endocarditis due to Streptococcus 
viridans, at least 300,000 units daily for a period of 14 to 21 days may 
be considered a minimum dose. 

One of the greatest difficulties in assessing dosage is the lack of signs 
of toxicity so that the maximum tolerated dose is not known. Con- 
versely the minimum effect dose is difficult to define in all cases. The 
most reliable guides to dosage are the type of specific organism and 
the response of the patient to treatment. 

Generalized Infections With Bacteremia. Generalized infections with 
bacteremia due to susceptible organisms, such as the S. aiireus, Strep, 
hemolyticus or the pneumococcus, respond in a most favorable manner 
to penicillin. The outlook in individual cases will depend to some 
extent upon such factors as the source of the primary infection, the 
age of the patient, the period at which treatment is begun and, in some 
instances, the accessibility of the infection to surgical treatment. The 
best results have been obtained in young individuals who have a recent 
infection and who have been given active and intensive treatment 
with 120,000 to 240,000 units a day. Less favorable results have been 
seen in elderly patients with overwhelming infections, bacterial endo- 
carditis, meningitis, or when the infection is associated with some 
complicating debilitating disease. 

In the case of staphylococcic bacteremia, the overall fatality rate 
has been reduced to within 10 to 20%. It has been lowest in young 
persons with osteomyelitis (10%) and highest in those with bacterial 
endocarditis (75%). 

In all cases with bacteremia the treatment should be continuous 
for 2 to 3 weeks and enough penicillin should be given daily to bring 
the infection under control. 

Infections of the Meninges. Meningococcus Meningitis. Sulfadiazine 
continues to be the drug of choice in the treatment of meningococcic 
meningitis. "While penicillin is effective in controlling this disease, 
the response is slower than following the sulfonamides, and it contin- 
ues to be necessary to give penicillin both sj'stemically and intra- 
thecally. In cases failing to respond to the sulfonamides within a 
period of 24 to 48 hours with adequate treatment, penicillin should 
be started at once. Penicillin is the drug of choice in the treatment of 
all infections of the meninges due to the pneumococcus, staphylococcus 
and the hemolytie streptococcus. Treatment should be started as 
soon as the diagnosis is established, and all foci of infection in the 
neighborhood which can be drained surgically should be attacked at 
tlie same time. This is especially true when tliere is an associated 
mastoiditis or lateral sinus thrombosis. 

Pneumococcus Meningitis. Pneumococcus meningitis is always a 
serious disease. Before the days of the sulfonamides it was invariably 
fatal. Now a certain number of patients, that is, between 40 and 
50%, recover following the use of either the sulfonamides or penicillin. 



150 


keefek: penicillin 


There is some evidence that the combination of sulfadiazine and penic- 
illin may be better than either drug alone.^ 

One of the reasons that pneumococcus meningitis is such a serious 
disease is that it is frequently a metastatic lesion following pneumococ- 
cus lobar pneumonia with or without an associated bacterial endo- 
carditis. In other cases it follows craniocerebral injuries, otitis media 
and/or mastoiditis or suppurative sinusitis of the ethmoid or sphenoid 
cells. Another reason for the severity of this infection is that it tends 
to produce hydrocephalus and an encephalitis which may lead to 
cerebral atrophy and profound neuropsychiatric disturbances. 

Otitis Media and Mastoiditis. Patients with otitis media and mas- 
toiditis respond to penicillin treatment most favorably. In the case 
of mastoiditis, simple mastoidectomy followed by closure of the incision 
with the insertion of a small catheter so that penicillin can be instilled 
into the cavity for 3 or 4 days is the method of choice, as demonstrated 
by Johnson, Weinstein and Spence.^ Under these conditions healing 
takes place rapidly and the postoperative course is greatly shortened. 

Tonsillitis. Tonsillitis resulting from liemolj4ic streptococcal infec- 
tion responds very promptly to the use of penicillin. Treatment 
should be continued for at least 5 to 7 days in order to prevent relapses. 
One of the striking features following the treatment is the rapid decrease 
in the number of organisms in the throat. Indeed, it is often difficult 
to recover streptococci from the local focus of infection 24 or 48 hours 
after treatment is started. If, however, there is an interruption of 
treatment, there may be relapses of infection and organisms will 
reappear in great numbers in the throat. For this reason, it is essen- 
tial that the treatment be continued for at least several days after all 
signs of acute infection have subsided. 

Pneumococcus Pneumonia. The pneumococcus is extremely suscep- 
tible to the action of penicillin in vitro and when patients with pneumo- 
coccus lobar pneumonia receive penicillin, the outcome is extremely 
favorable. Tillett, Cambier and McCormack^ have recorded a fatality 
rate of only 6.5% in 106 cases, and in all of the fatal cases there were 
complicating factors. i\Ieads, Harris and Finland'* record favorable 
results in cases in which the sulfonamides had previously failed to 
control the infection. The latter group of investigators found that 
penicillin was equally effective in the patients who had received it 
alone or in those who had failed to respond to the sulfonamides. 

There are a number of points worth commenting on with respect to 
the treatment of pneumococcus lobar pneumonia with penicillin. 
When patients are treated early in the course of their disease, that is, 
within the first 24 or 48 hours, there is usually a decrease in the tem- 
perature and pulse rate within the first 24 to 48 hours and preceding 
these objective signs, the patients feel improved subjectively. 

Bacteremia, if present, disappears promptly, usually following the 
first injection, and purulent complications following the use of penic- 
illin are exceedingly uncommon. They were not observed by Meads, 
Harris and Finland in any of their cases. 

The dosage and duration of treatment will vary from one patient to 
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another, depending upon the clinical response and the severity of the 
infection. In some mild cases, a satisfactory response has been ob- 
served following 60,000 to 80,000 units a day for 2 days, given in 
doses of 10,000 units every 3 or 4 hours. In other cases, the equivalent 
of at least 15,000 units every 2 horns for the first 12 or 24 hours, after 
which longer intervals or smaller amounts may be used for another 
2 or 3 days. It is wise and sound practice to continue treatment for 
2 or 3 days after the temperature has reached normal in order to avoid 
relapses which may be observed if treatment is stopped abruptly after 
the first 48 or 72 hours. Certainly the total dosage during the first 
24 hours must be gauged by the condition of the patient and his 
response to the treatment. 

In attempting to assess the conditions in which the sulfonamides 
or penicillin should be used in the treatment of pneumococcus lobar 
pneumonia, it is not possible at the time of this writing to make any 
definitive rules. Both agents are effective. However, the sulfon- 
amides can be given by mouth and penicillin must be given parenter- 
ally. This may be a consideration in some cases. However, it is well 
to recall that penicillin is non-toxic and that the sulfonamides may 
cause side reactions. In general, it can be said that penicillin is the 
drug of choice in: (1) all patients who have failed to respond to the 
sulfonamides after 24 horns of treatment; (2) all patients with a per- 
sistent bacteremia; (3) all patients who show a spread of the process; 
(4) all patients who develop any signs of sulfonamide intoxication or 
renal irritation; and (5) all patients who have leukopenia or who 
develop avuicular fibrillation, delirium tremens or other complications 
during the infection. 

It is well to start with penicillin when the patient is acutely ill 
or has developed a shock-like state, or when he has some complicating 
disease such as renal, hepatic, or cardiac disorder, or when there is 
leukopenia or a history of sensitivity to the sulfonamides. 

In brief, it can be said that penicillin can be given with greater 
safety than sulfadiazine and with the same good results. It will 
gradually become the drug of choice in the treatment of all cases of 
pnemnonia. 

Subacute Bacterial Endocarditis. ^^Ten subacute bacterial endocar- 
ditis due to the non-hemolytic streptococcus was first studied, the 
results of penicillin treatment on the clinical course were discouraging. 
In some cases, when 30,000 to 60,000 imits were given daily, the blood 
was cleared of organisms and the temperature was 'reduced for the 
period of treatment. However, the course of the disease was not 
otherwise influenced and when tlie drug was withdrawn, the bacteremia 
recurred and progressive signs of infection ensued. It is now known 
that these results were due to an inadequate amount of penicillin. 
When larger amounts of penicillin are given for longer periods of time, 
that is, 200,000 or 300,000 units a day for at least 3 weeks, there will 
be a clinical arrest of the disease varying from 1 to 10 months in about 
55% of cases (Fig. 1). A certain number of patients will die before 
adequate treatment as described above has been completed. Death 
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in these cases is due to the infection, to embolism or to acute heart 
failure. 

When clinical arrest takes place, the following sequence of events 
may be observed. Within 24 to 72 hours after treatment is started, 
the patients often lose many of the constitutional symptoms of infec- 
tion. The anorexia disappears, the appetite improves, and the patient 
becomes more interested in his smroundings. The temperature is 
promptly reduced in some cases to within normal limits within the 
Ist week. In others, after the initial decrease in temperature, the 
fever may continue for a 6- to 8-week period as low grade fever. In a 
third group, it may go down only after 2 to 3 weeks. Prolonged fever 
after beginning treatment may be due to an infection by a relatively 
resistant organism, or it may be due to a complication or a continuing 
tissue reaction. Once the temperature becomes normal, there may be 
occasional recurrences due to embolic phenomena. 
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Fig. 1. — The clinical arrest of a patient with subacute bacterial endocarditis. The 
blood was promptly cleared of organisms; the temperature returned to normal within 
72 hours after penicillin was begun. Thrombophlebitis and blood transfusions were 
followed by fever. 

Within 1 to 6 days after treatment, the blood cultures generally 
become negative and remain so except for occasional instances when 
a transitory bacteremia and embolic phenomena occur. 

Petechial hemorrhages may continue to occur for 6 to 8 weeks after 
treatment is started and emboli may occur up to 2 months. The 
spleen decreases in size, the leukocytes decrease in number, anemia 
improves, clubbing of the fingers may recede. 

As might be anticipated, there are no changes in the signs of valvular 
disease and the renal lesions are not favorably influenced by treatment. 
It is now well established that all of these favorable results may be 
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obtained with penicillin alone and no anticoagulant such as heparin is 
necessary. 

Following a clinical arrest, the patient may return to apparently 
normal health in that the s^maptoms and signs of infection are absent. 
Some patients have recurrences as long as 6 to 9 months after treat- 
ment. A number of patients die of cardiac insufficiency without 
signs of active infection. 

Acute Osteomyelitis. Evidence is now accmnulating that acute osteo- 
myelitis can be treated satisfactorily without surgical intervention 
when the therapy is started early in the course of the disease and 
before abscesses of the soft parts or extension of the infections of the 
joints has occurred. Penicillin must be given in amounts varying 
from 120,000 to 250,000 units a day and continued for a period of 2 
to 3 weeks until all clinical symptoms and signs of infection have dis- 
appeared. Since there is a lag between the clinical signs of infection 
and the development of definite roentgenologic changes in the bone, 
one is not surprised to find that destruction of the bone is observed 
some time after all signs of infection have disappeared. Under these 
conditions, the lesions in the bone frequently recalcify and complete 
healing takes place without incision and drainage. 

When the infection has spread into a neighboring joint, it is desirable 
to perform whatever surgery is necessary to rnake possible the local 
instillation of penicillin into the involved joint at least once or twice 
a day. In all cases of acute osteomyelitis in which recovery has taken 
place without surgical treatment, the patient should be followed care- 
fully over a period of several months in order to be certain that relapses 
or recurrences do not occur. In a few cases it may be necessary to 
drain local abscesses in bone some weeks after the acute infection has 
subsided. In occasional cases that have been treated very early, no 
signs of bone destruction have ever developed in the roentgenograms. 

The treatment of osteomyelitis of the facial bones with penicillin 
has been followed by excellent results, as reported by Kirby and Hepp.® 
When sequestra were present, surgical treatment in addition to the 
use of penicillin was necessary to effeet complete recovery. 

In the case of chronic, hematogenous and traumatic osteomyelitis, 
Anderson, Howard and Rammelkamp® have found that when sequestra 
are present it is necessary to remove them surgically in order to obtain 
satisfactory healing. These physicians were able to report an arrest 
of the disease with the disappearance of all local and constitutional 
signs of active infection in 70% of their patients with chronic osteo- 
myelitis. Prolonged treatment varying from 2 to 6 weeks was found 
to be necessary in order to obtain the best results. Treatment has to 
be repeated when relapses occur. Primary closure of wounds after 
sequestrectomy, together with the local administration of penicillin, 
greatly shortens the recovery period. In brief, the treatment of acute 
and chronic osteomyelitis should be designed to control the infection 
as rapidlj'- as possible. If dead or necrotic tissue is present, or if 
abscesses in the soft parts or in the joints have appeared, it is necessary 
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to use good surgical management as well as penicillin if the best results 
are to be obtained. 

Infections Due to Clostridia. Gas Gangrene. The best results in the 
treatment of gas gangrene follow the use of antitoxin, penicillin, and 
surgical removal of all necrotic and damaged tissue. If gas gangrene 
tends to develop in patients who have had injuries to the bone and 
soft parts with an interruption of the blood supply to the affected part, 
it is only natural that a certain number of patients will not respond to 
any form of treatment unless all of the ischemic and damaged tissue 
has been removed. Jeffrey and Thomson,'^ in a study of 33 cases of 
gas gangrene treated with penicillin, reported a fatality rate of 36.4%. 
They emphasize, as has already been remarked, that adequate surgical 
removal of all necrotic and devitalized tissue is the most essential of 
therapeutic procedures in the management of gas gangrene. Five of 
their patients were seen late in the disease when surgical treatment 
was not possible. All of these patients died in spite of intensive 
treatment with penicillin. These physicians recommend a dosage of 
15,000 imits every 3 hours for 3 to 4 days for the control of infection 
in cases in which all the infected tissue can be removed surgically. 
When this is not possible, it is desirable to continue treatment for 
5 to 10 days. They express the opinion that when patients are treated 
early and adequate surgery is employed, penicillin and antitoxin will 
reduce the fatality rate in battle casualties to the neighborhood of 
20%. Cutler and Sandusky* reported their experience with the treat- 
ment of 7 patients with gas gangrene, 6 of whom recovered. It is 
significant that in 5 of their patients, gas gangrene developed while 
the patients were receiving prophylactic penicillin therapy. Following 
the removal of diseased tissue, all of these patients recovered. 

Gonococcic Infections. Of all the organisms that are susceptible to 
penicillin, the gonococcus is the most sensitive. It is now well estab- 
lished that about 98% of aU gonococcic infections of the lower genital 
tract, either in men or women, can be cured by the administration of 
a total of 100,000 units of penicillin over a 24-hour period. The 
remaining 2% who fail to respond to the first course frequently respond 
to more intensive and prolonged treatment.. No proved cases of 
penicillin-resistant gonorrhea have yet been encountered. 

Gonococcic infections complicated by arthritis, prostatitis, salpin- 
gitis, epididymitis, or endocarditis, require much more prolonged 
treatment. Early and intensive treatment in all of these infections is 
advisable. 

Syphilis. Following the report of Mahoney and his associates* in 
October 1943, intensive studies of the treatment of early syphilis, 
neurosyphilis and congenital syphilis have been carried out by a 
group of cooperating clinics reporting to the Penicillin Panel of the 
Subcommittee on Venereal Diseases of the National Research Council, 
and cooperating with the Committee on Medical Research of the Office 
of Scientific Research and Development. Final evaluation of the 
results will, of coiuse, not be possible for several years. Preliminary 
reports indicate that a course of 60 injections of 20,000 units each. 
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given intramuscularly at 3-liour intervals for days, probably repre- 
sents the minimum dosage schedule that will be effective in controlling 
primary and secondary syphilis. In some patients who relapse after 
this schedule of treatment, more prolonged and intensive treatment 
may be necessary. Not enough time has elapsed, and too few patients 
with neurosyphilis have been treated for a sufficiently long period of 
time to make any statement concerning the results that might be 
anticipated. There is some evidence to suggest that the results in 
the treatment of neurosyphilis are not as striking as those of early 
syphilis. Late cutaneous and osseous syphilis apparently respond 
promptly to penicillin treatment. So far, no reports are available on 
the action of penicillin in latent syphilis. Some cases of congenital 
syphilis have been treated in which good early results have been 
obtained.^® It is agreed by all who are investigating this problem, 
that penicillin in the treatment of sj'philis is still in the stage of pre- 
liminary investigation, and no definite schedule of treatment can yet 
be recommended for routine therapy. 

During the treatment of syphilis with penicillin, Herxheimer reac- 
tions have occurred with considerable frequencjL These are charac- 
terized by fever, malaise, headache, intensification of the eruption if 
one is present, or painful swelling of the primary lesions and the 
regional lymph nodes. These reactions subside within 24 hours and 
are not contraindications to continuing treatment. 

Toxic Reactions. It has already been stated that penicillin is a non- 
toxic drug. There are, however, certain side reactions which may 
be observed which require comment. So far, no permanent harmful 
effects on any of the systems of the body have been recorded. 

About 2 to 5% of patients develop urticaria. The urticaria may 
appear on the 1st day of treatment, or it may not appear until after 
treatment has been completed. When it develops, it is commonly 
seen during the 2nd week of treatment. In a few instances it may be 
quite severe and extensive, but in most cases it is mild and frequently 
disappears even though treatment is continued. IWien penicillin is 
readministered at a later date to a patient who has developed urti- 
caria during the previous course of treatment, there may be a reap- 
pearance of the eruption. Urticaria is not regarded as a contra- 
indication to continuing treatment or to readministration of the drug 
at a later date in most cases. In rare instances it may be advisable 
to stop treatment, especially if the discomfort is severe. 

Occasional attacks of vesicular eruptions have been noted and we 
have seen one severe rash of this type appearing within 24 hours after 
the beginning of treatment, especially in areas where there was a 
severe ringworm infection 4 years previously. 

Pain on intramuscular injection is encountered with varying fre- 
quency, depending upon the presence of impurities in the penicillin. 
The higher the potency of the penicillin, the less local discomfort 
there may be. 

Thrombophlebitis of the veins at the site of injection may occur, 
especially in patients who are receiving continuous intravenous treat- 
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merit. Thrombophlebitis is associated in some instances with chills 
and high fever, l^dien this occurs, it is wise to change from intraven- 
ous to intramuscular injections. All preparations of penicillin which 
are now distributed are tested for the presence of pyrogenic agents. 
The febrile reactions due to impurities that were occasionally encoun- 
tered in the early days of developing penicillin are no longer seen. 
Drug fever, analogous to that seen in sulfonamide therapy, has not 
been reported. Occasionally patients. may develop low grade fever 
after the clinical signs of infection have disappeared, and this subsides 
completely with the discontinuance of penicillin. 

Occasional patients will develop abdominal cramps with or without 
diarrhea following penicillin, and natisea and vomiting have been 
observed in a few patients. The maximum therapeutic dose of penic- 
illin that can be given safely in man has not yet been determined. It 
is known that doses as large as 4 million units a day have been given 
in 1 or 2 instances without ill-effect. 

At present there are no known contraindications to the administra- 
tion of penicillin, although there may be reason for giving small initial 
doses to patients with cardiovascular extragenital syphilis. As far as 
is known, penicillin is not incompatible with any other drug or article 
of diet. 

Miscellaneous Infections. A large group of miscellaneous infections 
have received treatment with penicillin with promising results. In 
most instances the number of cases so treated has not been large, so 
that final assessment of its value cannot be made. However, patients 
with actinomycosis have been improved following treatment, and espe- 
cially those cases in which it is possible to remove infected tissue 
surgically, or in those instances in which there is a superinfection due 
to the S. aureus. Anthrax, with or without baeteremia, responds 
promptly to penicillin, and a few cases of yaws and rat-bite fever due 
to Streptohacillvs moniliformis have been treated with results suggest- 
ing that penicillin is a potent agent in these disorders. 

Penicillin is active in vitro against (Jorynebacternim dijditherise; a few 
cases of clinical diphtheria have been treated with a combination of 
antitoxin and penicillin with results that are difficult to evaluate. 
Penicillin will not replace antitoxin and should not be used in lieu of 
antitoxin. The supplementing of antitoxin with penicillin in cases of 
larjmgeal diphtheria or diphtheria gravis may prove to be valuable, 
although the evidence to support this procedure remains to be accum- 
ulated. The treatment of diphtheria carriers Avith penicillin has not 
met with permanent success. 

The position of penicillin in the treatment of chronic paranasal 
sinusitis, chronic infections of the ears, nose and throat, remains to 
be determined. The same is true Avith gingivitis and stomatitis caused 
by the Yincent organism. 

Prophylactic Use of PeniciUin. White and associates^ have demon- 
strated that when penicillin is administered intramuscularly for 1 week 
prior to lobectomy or pneumonectomy and followed by continuation 
of penicillin treatment after operation, the incidence of postoperative 



KEEFER: PENICILLIN 


157 


empyema is greatly reduced. Penicillin will perhaps not decrease the 
number of infections in wounds when it is not combined with adequate 
surgical treatment. 

Penicillin Failures. No discussion of penicillin would be complete 
without saying something about the cases in which penicillin fails to 
influence the course of the disease. The largest group, of course, 
includes those cases of infection due to microorganisms which are not 
susceptible to the action of penicillin such as those listed in Table 1 : 

Table 1 

Typhoid — paratyphoid B. pyocyaneus 

Dysentery (several varieties) Br. melitensis (undulant fever) 

E. coli P- tularense (tularemia) 

H. influenza B. fricdl&ndcr 

B. proteus 

The next large group are those disorders in which penicillin has been 
shown to be ineffective as listed in Table 2: 


Table II 


Tuberculosis 

Poliomyelitis 

Hodgkin’s disease 

Histoplasmosis 

Moniliasis 

Malaria 

Cancer 

Lupus erythematosus, diffuse 
Non-specific iritis and uveitis 


Pemphigus 

Toxoplasmosis 

Blastomycosis 

Coccidiomycosis 

Acute rheumatic fever 

Virus infections 

Acute and chronic leukemia 

Uleerative colitis 

Infectious mononucleosis 


In general it can be said that there is a fairly good correlation 
between the sensitivity of the infecting strain of microorganism and 
the clinical amenability to treatment, so that when the treatment 
appears to fail it may be due to inadequate daily dosage or to treat- 
ment of onlj'^ a few days duration. The treatment may be started too 
late in the course of an infection, or there may be an overwhelming 
infection even with a sensitive strain. 

In the case of wound infections, penicillin may fail in its function 
when debridement is incomplete, or when necrotic tissue or foreign 
bodies are present. 

In our experience the development of increased resistance of micro- 
organisms to penicillin plays little if any role in the failure of infec- 
tions to respond to its action, ^^^lile we can demonstrate a change 
of sensitivity in some strains of S. aureus during treatment when they 
are tested in vitro, the evidence is far from convincing that this phe- 
nomenon plays a dominant role when a regression of signs of infection 
fails to occur. The reason for this statement is that there are usually 
other factors present which influence the outcome. This is especially 
true when the resistance to penicillin increases in organisms in empyema 
cavities and in chronic osteomyelitis. 

In brief, when any patient with an infection due to a susceptible 
organism fails to show a satisfactory response to penicillin, one should 
review the dosage, search for signs of a bacterial endocarditis, or an 
abscess which has not been drained. 
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Conclusion. In conclusion, it can be said that penicillin has exceeded 
our highest hopes as a chemotherapeutic agent. It is unquestionably 
the most effective agent for the treatment of many infections. There 
is no other kno-wn chemical that is so po'W’^erful against bacteria and so 
harmless to the host. 

All of this is most extraordinary when one appreciates that 50 mg. 
will cure the average gonococcic infection, 300 mg. or less is needed for 
patients with pneumococcus lobar pneumonia, and 3 to 5 gm. will 
arrest between 50 and 70% of the infections in subacute bacterial 
endocarditis. 

^^dlat we need in the future are effective agents for the similar con- 
trol of gram-negative bacillary infections and virus infections. 
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A STUDY OF THE TYPES OF HYPERSENSITIVITY INDUCED 

BY PENICILLIN* 

By Adolph Rostenberg, Jr., M.D. 

AND 

Henry Welch, Ph.D. 

FOOD AND DRUG ADMINISTRATION 
•WASHINGTON, D. C. 

Following the finding^ of a case of hypersensitivity of the tubercu- 
lin tjqie to crystalline penicillin sodium in an individual who had had 
no previous contact with this drug, a study was made to determine 

* Presented before the American Public Health Association at the 73rd Annual 
Meeting in New York, N. Y., October 6, 1944. 
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the incidence of this type of sensitivity. Studies were made also of 
the sensitivity induced by the injection of commercial or crystalline 
penicillin sodium. 

To determine the incidence of the tuberculin type of sensitivity to 
penicillin 144 persons were tested. Each was injected intradermally 
in the volar surface of the forearm with 0.1 cc. of penicillin sodium 
containing 1000 units. In all cases where a positive reaction resulted, 
a retest was made with crystalline penicillin. Of the 144 individuals 
tested, 106 were healthy inmates of a penal institution, 27 were labora- 
tory personnel, and 11 were employees of manufacturing plants pro- 
ducing penicillin. Eight individuals (5.5%) exhibited hypersensitivity 
of the tuberculin type when tested initially. Attempts to show a pas- 
sive transfer of the hj'^persensitivity using the Prausnitz-Kiistner 
technique and the Urbach-Koenigstein® method both failed. (The 
latter method was attempted with the blister fluid from 5 positives 
and as many recipients were used.*) 

It had been noted previously’^ that following intradermal injection 
of commercial penicillin in man there developed a “flaring” phenome- 
non in certain persons which appeared only after a variable number 
of injections had been made. This phenomenon consisted of an 
increase in redness and itching at sites of former injections, following 
the intradermal injection of crystalline penicillin sodium in a new site. 
It was also noted that the persons who had exhibited this tj’pe of- reac- 
tion failed to do so after a rest period during which no injections were 
made. It was decided to study this phenomenon further in view of 
the fact that these original observations were a by-product of other 
studies, and consequently the persons manifesting them had not had 
the same number of injections or the same spacing between injections. 
Nine individuals were injected intradermally in the volar surface of 
the lower right arm with 10,000 units of commercial penicillin sodium, 
1000 imits in 0.05 cc. of saline at each of 10 different sites. These 
injections were repeated in approximately the same areas 5 days and 
10 days later, a total of 30 injections. The material used was com- 
mercial penicillin, the products of 7 manufacturers. Following the 
first series of 10 injections some of the subjects showed evidences of 
chemical irritation at some of the sites; all who showed the irritation 
developed it from the same lots of penicillin. Following the second 
series of 10 intradermal injections reactions occurred in 2 of the people. 
One individual who had previously received intradermal injections of 
penicillin showed at the sites of old injections the flaring phenomenon 
already described. Another developed urticaria approximately 30 
hours after injection. The wheals were diffusely distributed, the face 
and eyelids were swollen, and swelling of the fingers and hands was 

* In order to exclude the possibility that the consistently negative P-K tests were the 
result of an accidental selection of test subjects incapable of accepting passive transference 
reagins, serum from a ragweed-sensitive person was also used. At the time the recipients 
were tested with penicillin they were also tested with a ragweed pollen extract. In all 
cases positive transference was readily demonstrated with the serum of a ragweed- 
sensitive person. In the case of the U-K test blisters were raised by means of a can- 
tharides cerate over sites of recently reacting penicillin areas. 
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pronounced. The individual showed dermatographia, lacrimation and 
conjunctival injection. The reactions occurred in waves approxi- 
mately every hour or 2 during the first 4 days but did not stop entirely 
until 7 days had elapsed. Two days after the reaction had subsided 
an attempt was made to transfer her sensitivity to 3 normal individuals 
by the Prausnitz-Kiistner technique. Passive transfer was not suc- 
cessful. In view of her general reaction she was tested to determine 
whether she would exliibit an immediate wheal reaction to the intra- 
dermal injection of crystalline penicillin. To avoid a possible systemic 
reaction, only 50 units of crystalline penicillin sodium were used in the 
initial test. This was dissolved in 0.02 cc. of saline, injected intra- 
dermally in the volar surface of the forearm and the site observed for 
about 15 minutes. There was no evidence of a reaction. An intra- 
dermal test was then made with 200 units of crystalline penicillin in 
the same manner. A control injection of 0.02 cc.. of isotonic saline 
was made simultaneousl 3 ^ Within 5 to 10 minutes there was a moder- 
ate-sized erythematous halo about the site where the crystalline pen- 
icillin had been injected and the wheal formed by the introduction of 
the fluid increased slightly in size. This was considered to be a 
weakly positive urticarial type of reaction. In contrast to this, the 
wheal produced by the control injection decreased in size. Another 
attempt was made, 2 weeks after this this individual recovered, to 
transfer passively her "sensitivity to 4 normal individuals by means of 
the P-K technique. Again it was found impossible to demonstrate 
passive transference. Precipitin tests done on 2 occasions on this ' 
person’s serum were questionable. 

For the third series of 10 intradermal injections, 8 persons were used. 
The reactions following these injections varied considerably. Four of 
the test subjects showed within 15 to 30 minutes erythema around all 
injected sites; in some the erythema became confluent (Figs. 1 and 2), 
and persisted for at least 24 hours. IMieals, varying in size from 5 to 
15 mm., developed in 2 of these individuals and tlien subsided within 
from 1 to 2 hours. (Fig. 2 shows the wheals well.) The other 4 test 
subjects showed, in addition to whealing and marked erythema at the 
sites of injection, the “flaring” reaction at old sites of injection (Fig. 3). 
One of the latter group of 4 individuals exliibited the most intense 
reactions. This person received only 4 injections in the third series 
instead of 10 because he had exhibited a strong flaring reaction follow- 
ing the second series of injections. Within 15 minutes after the third 
series of injections he showed marked erythema and slight wheals 
which persisted for only from 1 to 2 hours. Eighteen hours later, at 
the site of the last 4 injections, erythematous areas redeveloped approxi- 
mately 30 mm. in diameter and there was marked flaring at all previous 
sites of injection (Fig. 4). At approximately the 24th hour the 4 sites 
injected in the third series showed red areas about 25 mm. in diameter 
surrounded by a narrow, white, non-erythematous zone outside of 
which was a 3 mm. zone of erythema concentric with the inner one 
(Fig. 5). The old sites of injection were still flaring at the 30th hour. 
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It was decided to attempt to induce sensitivity by varying the 
technique of administration. Three routes of injection were used. In 
the first group 10 individuals were given 30 intradermal injections of 
1000 units each of commercial penicillin sodium, and 3 individuals were 
given a similar number of injections of crystalline material, in exactly 
the same manner as those recorded above, except that the time elaps- 
ing between each series of 10 injections was 48 hours instead of 5 days. 
A second group of 10 individuals was injected subcutaneously, each 
with 30,000 units of penicillin sodium given in 3 doses of 10,000 units 
each, 48 hours apart. Finally, a third group of 10 individuals was 



Fig. 5.— Tuberculin type reactions with zones of desensitization (sites marked "A”) 
24 hours after intradermal injection of penicillin sodium. 


injected every 48 hours with 10,000 units of penicillin sodium (5000 
units intravenously and 5000 units subcutaneously) until 30,000 units 
per person had been given. 

Only 1 person developed an increase in sensitivity, and this individual 
was one of those injected intradermally with crj-stalline penicillin 
sodium. This person, 24 hours after the third series of injections, 
showed small-sized tuberculin tjqie reactions at the sites of the injec- 
tions. Intradermal tests were done with crystalline penicillin on all 
persons in all groups 48 hours and 1 week after the last injection. All 
of these tests were negative. 

Two individuals not included in the above series had previously 
shown flaring following the intradermal injection of small amounts of 
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commercial penicillin sodium. In order to determine whether these 
persons would still exhibit this phenomenon they were injected in the 
volar surface of the forearm with 1000 units of crystalline penicillin 
sodium in 0.05 cc. of saline. No flaring occurred in either individual. 
It appeared, therefore, that their previous exhibition of flaring was 
a transient phenomenon. In an effort to reestablish the flaring phe- 
nomenon both were given 10 intradermal injections in the volar surface 
of the forearm, each consisting of 1000 units contained in 0.05 cc. of 
saline. Within 15 minutes 1 showed moderate erj’^thema and whealing 
at the sites of injection which persisted for 30 minutes. There was 
flaring of some but not all of the old sites on the same arm, and this 
subsided within 2 hours. The other showed a marked erythema in 15 
minutes with slight wheals at the sites of the intradermal injections, 
and in contrast developed, by the 18th hour, marked reddening and 
swelling at the sites of all injections with some induration which per- 
sisted for at least 96 hours after injection. In both individuals the 
original erythema and the whealing reactions subsided within 2 hours. 

Because of the reactions shown, a series of patch tests was made to 
determine whether the eczematous type of hypersensitivity could be 
demonstrated. Similar patch tests were made also on 5 of the persons 
who had shown a tuberculin tjT^e of hypersensitivity to crystalline 
penicillin sodium on initial injection. The tests were made with com- 
mercial penicillin sodium, crystalline penicillin sodium, and corn steep 
liquor, using both normal skin areas and areas which had exhibited 
previously a tuberculin type of reaction following intradermal injec- 
tion of penicillin sodium. Although all patch tests were negative, 
intradermal tests made at the same time with crystalline penicillin 
sodium again yielded a positive tuberculin type of reaction. From 
these results it is obvious that none of these test subjects exhibit the 
eczematous type of sensitivity to either crystalline or commercial pen- 
icillin. In this respect these people differ in their hypersensitive state 
from the individual previously described'^ who showed a tuberculin 
type of sensitivity to crystalline penicillin sodium and also gave a 
positive patch test at the site of a previous intradermal injection of 
either commercial or crystalline material. In order to make sure that 
the negative reactions were not the result of failure of the material to 
penetrate the horny layer and thereby reach the shock tissue, areas of 
the skin of 5 people who had shown a positive reaction following intra- 
dermal injection were sand-papered sufficiently to cause an occasional 
faint pin-point punctum of blood. Patch tests were then made on 
these sites. These tests were also negative, indicating that the nega- 
tive patch tests resulted from the lack of a hypersensitive shock tissue 
rather than from inability of penicillin to penetrate the horny layer. 

As stated previously, it was not possible to demonstrate passive 
transference of the sensitivity exhibited by persons who show a tuber- 
culin tjqje reaction on first contact with penicillin. An attempt was 
made, therefore, to transfer passively the hypersensitivity exhibited 
by individuals in whom the hypersensitive state had been induced by 
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intradeiDial injection. Four test subjects who had exliibited varying 
degrees of sensitivity were used and the P-K technique was followed. 
Passive transfer was attempted to 6 normal persons. Passive transfer 
antibodies (P-K.reagins) could not be demonstrated. Precipitin tests 
made on the serum of the 4 test subjects were also negative. 

One individual who had been a recipient for the passh^e transfer 
experiments, although showing no reaction directly after the attempted 
transfer, exhibited, beginning about 7 days later, a tuberculin type of 
reaction. This individual reported tliat on the 6th day following injec- 
tion the injected areas had itched considerably. On examination on 
the 7th day his right arm presented 3 erythematous infiltrated areas 
corresponding to the sites where the penicillin had been injected 7 days 
previously. The sites where penicillin plus serum had been injected 
were slightly more inflamed and elevated than the site where the 
penicillin alone had been injected. The left arm which had received 
control injections of serum, saline and ragweed showed no reaction 
whatsoever. This person apparently developed a sensitivity of the 
tuberculin type as a result of 3 simultaneous intradermal injections of 
crystalline penicillin sodium of 1000 units each. 

To determine whether the sensitivity to penicillin would also extend 
to the spores of Penicillium notatum, a heat-killed suspension was 
made containing 500,000 spores per cc. Intradermal injections of 
0.1 cc. were given to 5 persons who exliibited a tuberculin type of 
hypersensitivity to penicillin. There were no immediate or delayed 
reactions. This is in accord with the studies of Feinberg^ who noted 
that people sensitive to Penicillium, sp. did not react to penicillin. We 
also tested the same 5 persons and several normal controls with various- 
fungous extracts, namely. Trichophyton, Oidiomycin, Haplosporangin, 
Histoplasmin, Coccidioidin and Blastomycin. There were no sig- 
nificant differences between the penicillin-positive people and the nor- 
mal controls in their reactions to these extracts. 

Discussion. It would appear from the results of this investigation 
that a small, but substantial, percentage of the population is sensitive 
to crystalline penicillin sodium despite the fact that these individuals 
have had no contact with this material previously. Since the material 
at the test strength is not a primary irritant, a positive reaction indi- 
cates that these individuals are specifically hypersensitive to this 
material, and unless a radicallj’^ new mechanism for such reactions is 
hypotliesized, it must be assumed that these individuals have had 
previous contact with penicillin sodium or with an immunologically 
equivalent material. Contact with penicillin sodium as such can be 
arbitrarily eliminated. However, contact with Penicillium sp. appears 
to be quite likely since it is a fairly common genus of fungi. It may be 
postulated that this organism is not infrequently ingested or inhaled, 
producing in susceptible individuals a subclinical infection with a con- 
sequent alteration in their immunologic responses. 

It is of interest that in the series reported by Lyons^ and by Keefer^ 
an average of about 4% of the individuals treated with penicillin 
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sodium exhibited an urticarial type of reaction, while in our series 
about 5% exhibited a tuberculin type of hypersensitivity following 
intradermal injections of this material. Only 2 hypersensitive persons 
in our investigations had therapeutic-sized amounts of penicillin. 
One of these received on one occasion about 10,000 units intravenously 
and on another occasion about 50,000 units intramuscularly. On 
neither occasion was there a systemic reaction ^despite the fact that this 
individual gave a strongly positive tuberculin type reaction to crystal- 
line penicillin sodium. The other individual exhibited, beginning 
about 6 to 8 hours after receiving 50,000 units intramuscularly, a diffuse 
miliary papulovesicular dysidrosiform eruption which persisted for 
several days. His reaction was apparently identical to that described 
by Graves et al.^ as were also his immunologic responses to penicillin. 

It will be noticed that there was a rather striking disparity in the 
incidence of reactions produced by the intradermal injection of pen- 
icillin depending on the time between successive administrations and 
the route of administration. Where the intervals between repetitions 
were 5 days, a relatively high percentage of reactions was obtained in 
contrast to practically no reactions when the intervals were only 
48 hours apart. Furthermore, reactors were obtained only when tire 
penicillin was given intradermally. IWiile it is realized that this 
series is much too small to have these differences assume any statistical 
validity and that other variables (such as sex and race) also differed 
in the series, the impression is gained that frequent injections of pen- 
icillin subcutaneously, intravenously, or intramuscularly are less likely 
to yield adverse reactions than similar injections made intradermally. 

• The reactions obtained following intradermal injection of penicillin 
sodium fall into two categories. In the case of the spontaneously 
sensitive individuals all reactions were of the tuberculin type. In this 
group there does not seem to be any eczematous or wheal (mticarial) 
component. In the individuals originally negative but who became 
hypersensitive following repeated intradermal injections of penicillin 
sodium the reactions, although eventually developing into a tuberculin 
type of hypersensitivity, may show transient reactions wheal-like in 
nature before this stage is reached. These transient reactions appear 
to be predicated on capillary damage or injury, and simulate in some 
respects the type of reaction seen in the Arthus phenomenon. The 
latter reaction, of course, is ordinarily brought about by repeated 
subcutaneous injections of a soluble protein, while in the case of pen- 
icillin sodium the injections were intradermal and the material non- 
protein. Furthermore, when subcutaneous injections of penicillin 
sodiiun were made no reactions were obtained. A possible explanation 
for the similarity of the reactions obtained with penicillin sodium and 
those seen in the Arthus phenomenon is that when penicillin is injected 
subcutaneously or intramuscularly it is excreted very rapidly from the 
system. Furthermore, from other studies in this laboratory, it is 
obvious that the penicUlin molecule has a strong avidity for protein 
since it readily conjugates with such substances. It is well known that 
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substances injected intradermally are excreted much more slowly tlian 
when injected by other routes of administration, and consequently it 
may be possible that penicillin sodium injected intradermally remains 
in situ for a sufficient period of time to combine with body proteins, 
thus forming a heterologous antigen in which the penicillin molecule 
acts as a hapten. When penicillin sodium is injected subcutaneously, 
rapid excretion does not permit sufficient time for the formation of 
such an antigen. It is possible also that penicillin sodium -per se can 
act as an antigen. In this event the reason for the reactions obtained 
when it is given intradermally and lack of reaction when given sub- 
cutaneously may again be because of the time element. The fact 
that we failed to demonstrate precipitins in the individuals showing 
the reactions described, militates against the explanation that such 
reactions were of the nature of the Arthus phenomenon. Failure to 
demonstrate precipitins, however, may be explained on the basis that 
the antigen dilution method was used to determine the precipitin titer 
and this technique, as has been pointed out b}'^ Cannon and Marshall,^ 
is not suitable for use with sera having low precipitin titers.* It may 
be that the reactions observed can be considered as the first stages of 
an Arthus phenomenon and that continued injection might have devel- 
oped the more serious necrotic phenomenon and simultaneous develop- 
ment of high precipitin titers. Continued injection in the volunteer 
laboratory personnel, however, did not appear to be justified. 

Summary and Conclusions. 1. Five % of 144 individuals tested with 
crystalline penicillin sodium exhibited a positive reaction of the tuber- 
culin type, despite the fact that none of these individuals had had any 
prior contact with penicillin. 

2. Repeated multiple intradermal injections of penicillin sodium 
cause the development in some people of reactions of the Arthus type, 
and some of these also developed a tuberculin type of hypersensitivity. 
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EFFECT OF SODIUM SALICYLATE ON THE SEDIMENTATION 
RATE OF ERYTHROCYTES IN VITRO* 

By F. Homburger, M.D. 

EESEABCH FELLOW, THORNDIKE MEMORIAL LABORATORY, BOSTON CITY HOSPITAL 

BOSTON, MASS. . 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
[Harvard], Boston City Hospital, and the Department of Medicine, 

Harvard Medical School) 

Interest in the salicylates has been renewed by Coburn’s^ work 
on the treatment of rheumatic fever with high doses of salicylates 
employing blood salicjdate levels and determinations of the sedimenta- 
tion rate as guides for therapy. Many clinicians use the sedimentation 
rate to judge the effectiveness of therapy in patients receiving salicyl- 
ates. It is of interest therefore to examine the effect of salicylates 
on the sedimentation rate of erythrocjdes in vitro. 

In 1932, Bendien, Neuberg and Snapped reported marked slowing 
of the sedimentation rate following the addition in vitro to the blood 
of at least 100 mg. per 100 cc. of sodium salicylate. In 1941, Lichty 
and Hooker® confirmed these findings and stated that the lowest con- 
centration of salicylate necessary to cause slowing of the sedimentation 
rate was 90 to 120 mg. per 100 cc. which was at least 3 times the value 
given by Hanzlik® as an average blood level obtainable in rheumatic 
patients, Bendien, Neuberg and Snapper^ attributed the action of the 
salicylates to an increased stability of the colloidal state of the plasma 
proteins. The plasma fibrinogen concentration, plasma viscosity and 
the red blood corpuscles were unaltered. This view is supported by 
the more recent experiments of Coburn,® showing that the addition of 
sodium salicylate to rabbit serum modifies the precipitation of serum 
proteins by sodium tungstate and also partially inhibits the precipita- 
tion of horse serum euglobulins by rabbit antiserum. 

In the present experiments the in vitro effects of salicylates in con- 
centrations comparable to therapeutic levels were investigated. 

Methods. The following methods were used in aU experiments unless 
modifications are noted specifically. 

1. The corrected sedimentation rate (C.S.R.) was determined by the method 
of Rourke and Ernstene,® using as anticoagulant a dry mixture of 4 mg. of 
potassium oxalate and 6 mg. of ammonium oxalate for each 5 ml. of blood. 

For the study of the effects of salicylate, the plasma was separated from the 
cells by slow spinning -and transferred into test tubes in amounts of 2 ml. per 
tube; the sodium sahcylate was then added in the form of a solution of 2 gm. 
in 100 ml. of isotonic sodium chloride solution. One tube was left without 
salicylate, as a control; to the others were added amounts to make concentra- 
tions of 12, 30, 60, 90, 120, 150, 180 and 210 mg. of sodium sahcylate -per 
100 ml. of plasma. The quantities of diluent were kept the same in all tubes 
by the addition of _ physiologic saline solution in amounts inversely propor- 
tional to the quantities of sodium salicylate solution used. Plasma thus pre- 
pared was kept sterile and was left standing for various lengths of time. In 
order to determine the C.S.R. in such plasmas, fresh cells were obtained from 

* This study ivas aided in part by a grant from the Ella Sachs Plotz Foundation, in 
recognition of Dr.FrancisW. Peabody's services to the Foundation. 
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the same indmdual by slowly centrifuging oxalated blood and pipetting the 
cells into the prepared plasmas in amounts resulting in the original hematocrit 
value. Plasma and cells were left in contact for 30 to 120 minutes and the 
C.S.R. was then determined as usual. All results are given in millimeters per 
minute and are corrected for a hematocrit of 45%, according to the chart of 
Rourke and Ernstene.® The use of this chart in the presence of salicylate is 
justified because this salt does not alter the mean corpuscular volume and 
because the relation between C.S.R. and hematocrit was found to be unchanged 
by the addition of salicylate. 

2. Difierent plasma fibrinogen levels were obtained in normal plasrna by the 
addition of human plasma fibrinogen purified b 3 '- electrophoresis.* The 
plasma fibrinogen determinations were done by the Cullen-Van Slyke method 
in citrated plasma.'* 

3. Salicylate levels in plasnaa and serum were measured by the method used 
by Coburn 

4. The Beckman pH meter equipped with glass electrode served for the 
determination of the H ion concentration in the plasma. 

Experiments. 1 . The Effect of Sodium Salicylate on the C .S .R. 
OF Normal Blood Adjusted to Different Plasma Fibrinogen 
Levels. By addition of human plasma fibrinogen to normal plasma, 
fibrinogen levels of 662, 467, 318 and 242 mg. per ml. were obtained. 
Each fraction of plasma “ums divided into 8 sub-fractions to which 
varying amounts of sodium salicylate were added. The plasma 
samples thus obtained contained 0, 30, 60, 90, 120, 150, 180 and 
210 mg. of sodium salicylate per 100 cc. of plasma. One-half of each 
sample was left standing for 30 minutes. Fresh cells were then added 
and the C.S.R. determined after another 30 minutes. To the remain- 
ing half of each sample fresh cells were added after plasma and salicyl- 
ate had been left in contact for 24 hours at room temperature and the 
C.S.R. was determined 30 minutes later. A few samples Avere treated 
in the same manner except that the plasma and salicylate were left in 
contact for 24 hours in a water bath at 37° C. Results: (Chart 1, 
left side, and Chart 2.) In the plasma which had stood for 30 minutes 
in contact with salicjdate marked slowing of the C.S.R. was observed 
at drug levels of 90 mg. per 100 ml. or higher, ^^^len the contact of 
plasma and salicylate extended over 24 hours at room temperature 
this effect w^as more marked and occurred at levels as low as 30 mg. 
per 100 ml. The C.S.R. was not significantlj'' altered in the salicylate- 
free controls. When plasma w'as incubated for 24 hours at 37° C. 
even the controls wmre significantly slow^ed and consequentty the C.S.R. 
in samples containing salicylate w^as no longer readable. 

2. Effect of Sodiuji Salicylate on the C.S.R. of Blood From 
Patients With Various Diseases, (Chart 1, right side.) Blood 
with accelerated C.S.R. was taken from patients with various diseases, 
and the plasma left in contact with sodium salicylate for 24 hours at 
room temperature. Fresh cells of the same individuals w'ere then 
added and the C.S.R. determined. Results: A marked reduction of 
the C.S.R. follow^ed the addition of sodium salicylate in all these cases 
and amounts comparable to therapeutic levels reduced the C.S.R. to 
normal A^alues. 

* The fibrinogen used was a sample prepared by the Harvard Plasma Fractionation 
Laboratory and obtained through the courtesj' of Prof. E. J. Cohn. 
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3. Possible Mechanisms of Effect, (a) Numerous •plasma fibrin- 
ogen concentrations were determined in plasmas containing varying 
amounts of sodium salicylate. Even in samples showing extreme 
retardation of the C.S.R. the plasma fibrinogen levels were not sig- 
nificantly altered. 


PLASMA FIBRINOGEN DISEASE". 



SOD'lUM salicylate (MGM./IOO ML. PLASMA) 

Chart 1.— Slowing of sedimentation rate by sodium salicylate in vitro in blood from 
various patients (right) and in normal blood adjusted to different fibrinogen levels by 
addition of purified fibrinogen (left) . 

PLASMA-SALICYLATE CONTACT 2 HOURS PLASMA-SALICYLATE CONTACT 24 HOURS 



30 €0 90 120 150 100 210 6 SO 60 90 120 ISO 100 ^0 

SOOlUHi SikUCfLItTE I MCM./100 ML.PtASMft > 


Chart 2.— Slo-wing of sedimentation rate by sodium salicylate in vitro in blood adjusted 

to different fibrinogen levels. 

(b) Red blood cor'puscles were suspended in normal plasma after 
having been exposed to mixtures of plasma and salicylate which had 
been standing at room temperature for 24 hours. In all cases, even 
after remaining in contact with such mixtures for 2 hours, the C.S.R. 
of these erythrocytes in normal plasma was the same as before exposure 
to salicylates. 
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(c) The effect of other sodium salts (Chart 3) was tested by replacing 
the sodium salicylate by equal amounts of sodium benzoate and 
sodium bicarbonate. Neither of those salts had any effect nor did 
sodium bicarbonate inhibit the action of the sodium salicylate. 



CKA.RT 3. — Effects of sodium salts upon sedimentation rate in vitro. 


c.s.R. 

0 -0 FRESH plasma. CONTACT ffiTH SODIUM SALICYLATE 30 MINUTES, 
ft O PSEOV' plasma, CONTACT WTH SODIUM SAUCYLATE 20 HOURS. 

o O plasma kept at room TEMPERATURE for 20 HOURS, CONTACT 

WITH SODIUM SALICYLATE 



Chaht 4. — ion concentration in plasma in relation to sodium salicylate effect. 


(d) If the salicylate radical became conjugated with fibrinogen (Table 1) 
it would be likely that part of the salicyl radical would no longer be 
contained in the serum after coagulation of the fibrinogen by recalcifi- 
cation and that the plasma might lose free salicyl radical through pro- 
longed contact with it as the method used for its determination is 
specific for free salicyl. The experiment tabulated in Table 1 demon- 
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strates that this does not take place. Some salicyl radical is lost to 
the erythrocytes after 24 hours as described earlier by Bendien, 
Neuberg and Snapper.’- 

Table 1. The Fate of Sodhim Salicylate in Pull Blood, Plasma a-nd 
Serum After Standing at Room Temperature for 24 Hours 

Salicylate (mg. per 100 ml.) 

No. Description of sample examined After 2 hrs. After 24 lirsT 


1 

Salicylate solution and saline (5 ml. of each) 

114 

117 

2 

5 ml. of salicylate solution, 4.5 ml. saline, 0.5 ml. of 
2.5% sodium citrate 

110 

112 

3 

5 ml. of salicylate solution, 4.5 ml. of serum' ,0.5 ml. 

> of 2.5% sodium citrate 

97 

93 

4 

5 ml. of salicylate solution, 4.5 ml. of plasma, 0.5 ml. 
of 2.5% sodium citrate 

96 

109 

5 

Same as No. 4 after recalcification and centrifuging 
off the fibrin clot 

96 

108 

6 

Same as No. 4 -with cells added, left in contact for 

24 hours, then centrifuged off 


70 


Note. — The technical error of the method in our hands is approximately + or — 15%. 

(e) Changes in the joH of the 'plasma (Chart 4) during standing at 
room temperature and after addition of sodium salicylate were investi- 
gated. According to Nichols’’ there is a difference of opinion as to 
whether variations in pH influence sedimentation rate. In the present 
experiments there were measurable changes in H+ ion concentration 
but there was no causal relationship between these changes and those 
of the C.S.R. 

(/) Standing at room temperature may be an important factor. Not 
only is the salicylate action increased, but mere standing of the plasma 
alone for 20 hours at room temperature considerably increases the 
effect of sodium salicylate when this is added thereafter and the C.S.R. 
determined within 30 minutes after addition of the salt. 

Discussion. Thus, sodium salicylate, in vitro, has the effect of slowing 
the sedimentation rate by a mechanism as yet unexplained, but prob- 
ably related to changes in the stability of the colloidal state of the 
plasma.’'^ This effect takes place immediately following the addition 
of sodium salicylate in concentrations considerably larger than those 
reached in vivo, as previously shown by Bendien, Neuberg and Snapper’ 
and by Lichty and Hooker.® ^Vhen the contact between sodium 
salicylate and plasma is prolonged for 20 hours at room temperature 
under sterile conditions, salicylate levels as small as those seen in 
patients under salicylate therapy cause marked slowing of the C.S.R. 
Leaving pure plasma at room temperature, before salicylate is added, 
results in a markedly .enhanced effect of the latter. This effect of 
salicylate is non-specific and occurs in blood artificially enriched in 
fibrinogen as well as in blood of patients with various diseases. 

Conclusion. It seems possible that tliis property of sodium salicyl- 
ate, demonstrable in vitro, may partly account for the remarkable 
slowing of the sedimentation rate seen in some patients who receive 
salicylates. This problem deserves fimther investigation. 

Summary. 1. Sodium salicylate in vitro causes a marked reduction 
of the sedimentation rate of erythrocytes, particularly if it is accel- 
erated. 
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2. In fresh plasma this effect takes place at salicj^late levels of 
about 90 mg. per 100 ml. 

In plasma which has been kept at room temperature for 24 hours 
the effect takes place at levels of 25 to 30 mg. of salicylate per 100 ml. 
of plasma. 

When salicylate is left in contact with fresh plasma for the same 
length of time, the slowing of the sedimentation rate occurs at low 
levels. The standing of plasma at room temperature has an insignifi- 
cant effect on the sedimentation rate of fresh red blood corpuscles in 
such plasma. 

No demonstrable changes of plasma fibrinogen or red cells are caused 
by sodium salicylate and changes of the pH in the plasma do not ac- 
count for the effect of sodium salicylate on the sedimentation rate. 
The effect is inherent in the salicylate radical, as sodium benzoate and 
sodium bicarbonate are ineffective. 

REFERENCES 

1. Bendien, W. M., Neuberg, J., and Snapper, I.: Biochem. Ztschr., 247, 306, 1932. 

2. Coburn, A. F.; Bull. Johns Hopkins Hosp., 73, 435, 1943. 

3. Coburn, A. F., and Kapp, E. M.: J. Exp. Med., 77, 173, 1943. 

4. Culeen, G. E., and Van Slyke, D. D.: Quoted by Peters, J. P., and Van Slyke, 
D. D., Quantitative Clinical Chemistry, Baltimore, Williams & Wilkins, vol. 2, p. 696, 
1932. 

5. Hanzlik, P, j.; Medicine, 6, 197, 1926. 

6. Lichty, j. A., Jr., and Hooker, S. P.: Proo. Soo, Exp. Biol, and Med., 48, 69, 
1941. 

7. Nichols, R. E.: J. Lab. and Clin. Med., 27, 1317, 1942. 

8. Rourke, M. D., and Ebnstene, A. C.: J. Clin. Invest., 8, 545, 1930. 


THE ERYTHROCYTE SEDIMENTATION RATE IN 
RHEUMATIC FEVER 

Its Significance in Adolescent and Overweight Children 
By T. N. Harris, M.D. 

DIRECTOR OF THE RESEARCH LABORATORY, THE CHILDREN’S SEASHORE HOUSE FOR 
INVALID CHILDREN, ATLANTIC CITY, N. J. 

(From the Children's Seashore House for Invalid Children, and the Department of 
Pediatrics, School of Medicine, University of Pennsylvania) 

An important problem which arises in the management of rheumatic 
fever is that of the length of the period of bed rest following the acute 
stage. Too short a period of bed rest may cause additional damage 
to the heart, whereas an unnecessarily long period is undesirable for 
economic and psychologic reasons. In the absence of a specific test 
for the state of activity of the rheumatic process, non-specific ones are 
employed. The criteria in use include normal temperature and pulse 
rate, white and red blood corpuscle counts and erythrocyte sedimenta- 
tion rate (ESR). All of these serve also as criteria of absence of infec- 
tion or inflammation of any kind in the body. 

Of these tests, the sedimentation rate is in the great majoritj" of 
cases the most sensitive. After physical findings have become stabil- 
ized, tlie symptoms of active rheumatic infection have disappeared, 
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and tlie temperature^ pulse rate, respiratory rate and blood counts 
have returned to normal limits, the rate of erythrocyte sedimentation 
often remains higher than the accepted normal values, and higher than 
is normal for the patient. Accordingly, the ESR has become accepted 
as the finest criterion of complete clinical quiescence of the rheumatic 
process, and convalescents from rheumatic carditis are maintained in 
complete bed rest until the sedimentation rate finally reaches the 
accepted normal limits. 

The application of the erythrocyte sedimentation test in this waj^ 
dependsmpon the assumption that there is at the time no other process 
in the body which of itself increases the sedimentation rate. As the 
test is generally understood, this means that one assumes there exists 
no other major area of inflammation, in its broad sense of infection, 
tissue destruction or tissue absorption. This assumption is usually 
taken to be satisfied if the rheumatic patient shows no evidence of 
acute infection at the time of the test and has had no acute infection 
within 2 or 3 weeks. In a patient otherwise apparently well, the failure 
of the result of the sedimentation test to return to accepted normal 
values is regarded as evidence of continuing activity of the rheumatic 
process. 

In the course of the past few years the author has, however, observed 
a few children convalescing from acute rheumatic carditis in whom the 
ESR did not return to normal limits for verj'^ considerable periods of 
time after all other indications of rheumatic activity had passed. 
These children were almost all girls, in the adolescent or pre-adolescent 
age group. About half of these patients were overweight. Finally, 
when the suspicion became strong that in these particular children the 
erythrocyte sedimentation test was not a measme of the degree of 
rheumatic activity, they were gradually allowed increasing physical 
activity up to the limit of normal activity of the quiescent rheumatic 
patient. 

Since it was, in effect, being assumed that the rheumatic process was 
quiescent, despite the elevated ESR, it was particularly important to 
determine whether this treatment was justified by the subsequent 
clinical course, after the resumption of physical activity. Accordingly, 
careful clinical observations were continued during this period. 

Clinical Material, The 9 children whose histories will be summarized were 
under the author’s care at the Children’s Seashore House for Invalid Children 
at Atlantic City. Two of them were later followed in Philadelphia at the 
Cardiac Clinic of the Children’s Hospital. They were admitted to the Chil- 
dren’s Seashore House from hospitals in Pennsylvania and New Jersey in 
various stages of convalescence from rheumatic carditis. The ages ranged 
from 9 to 16 years. They were all girls with the exception of 1 boy who was 
rather obese. Several of these girls were also overv'eight. During the S-J- year 
period during which observations were made, other rheumatic children con- 
valescing from carditis were observed and treated by the author in the same 
institution in exactly the same way as these 9 patients. The entire group 
included 400 patients. They were distributed among the ages of 5 to 16 years 
and rather evenly between the sexes. In aU of these children, the return of 
the ESR toward normal limits could be observed, or, in some quiescent cases, 
its value was within accepted normal limits when they entered the Children s 
Seashore House. 
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Methods. During the entire period of observation of each child, both before 
and after the patient was allowed out of bed, the foUovdng '■xaminations "were 
made periodically; 

1. Examination of the heart, including the- determination of the position 
of the apex beat, quality of sounds, murmurs and their transmission, thrills 
and friction rubs, and cardiac rate and rhythm. 

2. General physical examination, including a check on signs of circulatory 
failure, chorea, pharyngitis, rash, subcutaneous nodules and weight loss. 

3. Questioning of patients and nurses as to appearance of characteristic 
symptoms associated with rheumatic activity such as headache, anorexia, 
nausea, vomiting, pain (in precordium, chest, abdomen or joints), epistaxis, 
and general lack of well-being. 

4. Recording of such episodes as pharyngitis or other respiratory infections. 

5. Laboratory examination, including determination of hemoglobin concen- 
tration in blood, red and white corpuscle counts and erythrocyte sedimentation 
rate. These determinations were always made at the same time of day. Bac- 
teriologic cultures of the nasopharynx and throat were also made at regular 
intervals. The ESR was measured in mm. of free fall per hour, as described 
below. 

Results. The period of treatment by bed rest, and the ESR at the 
end of that time, are shown in Table 1. In 7 of the 9 cases, the patients 
were kept on bed rest for over 1 year before it was decided to allow them 
up in spite of an unduly high ESR. In 1 extreme case 2 years elapsed. 
The ESR at the time these patients were allowed their first activity 
out of bed ranged from 20 to 36 mm. of free fall per hour. The children 
were observed for periods averaging 7.3 months, thereafter. In 1 case 
the ESR fell substantially during this time, and in 2 other cases there 
was a slight fall in the ESR (of 6 or 7 mm, per hour) after the patient 
was allowed to resume activity. 


Table 1. — Cases of Prolonged Elevation of the ESR 





Months 
of bed 
rest at 
CSH 
before 
allowed 
up 

Cardiac status 
at that time 

ESR at 

Corre- 
sponding 
ESR at 
45% 
packed 
RBC 
volume* 



Case 

No. 

Age 

Se.'c 

Position 
of apex 
beat 
(cm. 
from 
middine) 

Cardi.ac 

le.sion 

that 
time 
(mm. of 
free fall 
per hr.) 

Length of 
observation 
thereafter 
(mos.) 

ESR at 
time 
patient 
last seen 

40 

13 

F 

18 

7.G , 

None 

20 

22 

3 

20 

117 

12 

F 

18 

7.2 ‘ 

None 

26 

28 

15 ' 

14 

124 

10 

F 

24 

7.0 

M.I. 

32 

32 

5 

30 

136 

9 

F 

16 

7.0 

None 

30 

25 

20 

28 

157 

16 

F 

15 

11.2 

M.I., 

A.I.t 

36 

30 

3 

32 

15S 

15 

F 


10.6 

M.I. 

32 

20 

6 

30 

216 

10 

mm 


6.8 

None 

26 

22 

5 

28 

222 

14 



8.2 

M.I. 

24 

21 

5 

18 

3S1 

13 

H 

5 

9.0 

M.I. 

30 

26 

4 

23 


* Using the Ordway-Singer nomogram” derived from the Rourke-Emstene chart.” 
t Mitral insufficiency, aortic insufficiency. 

Table 1 shows also that the degree of cardiac damage varies quite 
widely among the patients described. Of the 5 apical systolic mur- 
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muTS corresponding to the notation of mitral insufficiency, 1 was 
transmitted to the posterior axillary line, 2 to the mid-axillary line, and 
2 were localized to the apex. Some of the results of the periodic exam- 
inations of the children are'shown in the chart for each patient, for the 
entire period of observation. 


stdtTntatfttion rote, nm offr«efoU/tm 

’RcsUnt? puhf rot*. (♦•Pi from vMrd) 

Wbtie hlood c*U count , Ihouaatids/eu mm. 

Mo forlhcr Improve-' Khtumaltc $u:ersslvt of 

ment In I cardiac otiins SHnp^tns tnereastni; octlvittj. 

-T - . ,- , . 

Time interval* one month 



46^ no 124 





JIO 30i 












\ 

!‘ 
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/\ 

1 




■ .mimmm 

--- 


, 

‘ 


m/mrm/m, 


Chart 1. —Effect of increasing activity on ESR, resting pulse rate, and white blood 

cell count in 4 cases. 


1. Examination of the heart: In general, successive examinations 
showed a tendency of the findings to change in the direction of normal 
values, until they became constant. The vertical arrow in the charts 
indicates the time at which the cardiac findings became constant. In 
some cases, there was no improvement after the admission examination. 

2, Symptoms and general physical signs characteristic of rheumatic 
infections: These, unless clearly attributable to a cause other than the 
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rheumatic infection, are represented by a vertical line on the base line 
corresponding in breadth to the duration of the s,ymptoms. 

3. Resting pulse rate: These were averaged for each month from 
weekly rates determined during sleep. 




Chart. 2. — Effect of increasing activity on ESR, resting pulse rate, and iviiite blood 

cell count in 5 cases. 


4, Increasing amounts of activity permitted the patient are indi- 
cated by the stepwise rise of the line in the lower right corner of each 
chart: bathroom privileges, then 1, 2 and, finally, 4 hours out of bed. 
The first 2 hours out of bed were given over to the supervised activity 
of the classroom and the occupational therapy shop. Markers along 
the base line indicate months. 

It is the purpose of the chart to indicate significant developments in 
the clinical course of each patient under discussion. In addition to 
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the signs, symptoms and tests indicated, there was no weight loss, 
fever, increase in respiratory rate or decrease in hemoglobin value 
during the period of observation following resumption of physical 
activity. As will be seen in the charts, in none of these children was 
there any indication, by any of the tests mentioned, that the patients 
had been allowed out of bed prematurely. 

Control observations were made on 391 other children who com- 
pleted their convalescence from rheumatic fever .at the Children's 
Seashore House. With the few exceptions indicated below, the ESR 
fell in the usually observed manner to 15 mm. per hour or below, usually 
within about 1 month of the cessation of other conventional indications 
of rheumatic activity. The fall of the ESR from values of over 
40 mm. of free fall per hour usually required only a few weeks. 

The Technique Employed by the ESR Test, The erythrocyte sedimentation’ 
rate was determined in mm. of free fall per hour by recording the height of 
the erythrocyte column at 5 minute intervals for J hour. The time-lag due 
to the rouleaux formation was eliminated by beginning the readings only after 
some observable sedimentation had taken place. The error due to packing of 
red blood corpuscles was obviated by using a 100 mm. tube and by dropping 
the last reading or two if they fell out of the arithmetic progression. In this 
way the determination of rate of free fall of rouleaux is based on a number of 
mutually corroborative observations during successive intervals rather than 
one or two. The measurement of this physical property of the blood is the 
basis of all techniques of determining the ESR now in general 

No attempt can be made here to enter into the vexed question of the necessity 
for and the correct method of routine "correction for anemia."U2.'<-<,«-n.i5-t8.2o-22 
This question is not of decisive importance for the purposes of this paper, 
since the hemoglobin values and packed red corpuscle volume percentages of 
the patients described were in no case far from normal. This was probably a 
consequence of months of good institutional care in the absence of active 
rheumatic disease. As Table 1 shows, in no case was the difference between 
the original and adapted ESR greater than 6, and in 2 cases the adjustment to 
45% packed red corpuscle volume gave a higher result. 

The question of normal limits of the ESR is, again, not within the scope of 
this paper. During the past 4 years the ESR was determined in this way for 
400 patients who convalesced in this institution from rheumatic carditis, and 
82 patients with chorea. In addition to the rheumatic group there were 
patients convalescing from nephritis, upper respiratory infection, malnutri- 
tion, and so forth. Almost all of these children reached an ESR of below 
15 mm. per hour of free fall or showed such an ESR on admission. The lowest 
recorded was 3 mm. per hour. The onty exceptions to this range in the 
absence of intercurrent infection were 3 rheumatic patients, 2 of whom were 
severely anemic because of symptomatic epistaxis, and 5 other rheumatic 
patients, all girls, who reached levels of between 15 and 18 mm. per hour. 
These last were not included in this paper because their ESR was so near the 
normal range for the group. 

The values of the ESR shown in Table 1 are, then, definitely out of the range 
of normal for the group. They would all be considered abnormal according 
to the authors of four of the five techniques mentioned above, and 6 of the 
9 would be considered outside normal limits by the fifth method, the Rourke- 
Emstene technique.'” 

Discussion. The data presented in this paper have both theoretical 
and practical implications. The theoretical implications are quite 
obscure, inasmuch as v'e understand today neither the basis for 
increased ESR nor the mechanism of rheumatic infection. The ques- 
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tion arises: Are these instances of persistent elevation in ESR a result 
of interrelation of the rheumatic process and a factor present in some 
adolescent children, or are tliey merely a result of random sampling 
in a group of adolescents, in which some instances of elevated ESR 
are found? The latter alternative, in turn, poses a prior question: 
Is there, in the distribution of ESR values in adolescents, a number of 
apparently normal healthy children, especially girls, whose ESR falls 
outside the general range of normal values? 

In the standardization of the various techniques of determining the 
ESR there has been no emphasis on normal values in the age-sex group 
under consideration. Two studies have been reported, however, on 
the range of ESR observed in presumably normal girls in the adolescent 
and pre-adolescent age group. In one study^'^ it was found that 
although the mean ESR of 87 adolescent subjects was 10 mm. per hour, 
6% showed values over 40. In another study 327 normal girls of 
adolescent and pre-adolescent age were examined bj'^ tlie Cutler tech- 
nique. It was found that 8 % of the subjects had ESR values ranging 
from 14 to 25, the others falling within the normal limits found by 
Cutler in standardizing his method. The question of latent infection 
as a possible cause of the higher values found in this group was sub- 
jected to very careful control, but months of observation thereafter 
revealed no patliologic cause for the higher values. A greater mass of 
data would seem to be necessary if this is to be accepted as a part of 
the natural history of adolescence. If such confirmation is made then, 
as further data are accumulated on the distribution of values of ESR 
in healthy and in rheumatic adolescent girls, it may become possible 
to show whether the elevated ESR values found in the rheumatic 
groups are simply a result of random sampling of an effect of adoles- 
cence, or whether they result from an interaction of phenomena. It 
should also be of considerable interest to determine the distribution of 
ESR values in adolescent girls convalescing from other chronic diseases 
which elevate the ESR, such as tuberculosis and neplrritis. 

The observations reported here would also seem to have a practical 
implication for tlie management of convalescence from acute rheumatic 
carditis in the case of adolescent patients. 

It is unfortunate that in rheumatic fever the more specific parts of 
the clinical picture, cardiac signs and sjunptoms, usually return toward 
normal limits earlier in convalescence than do the non-specific signs. 
The erythrocjde sedimentation test bears the special responsibility of 
being used in the great majority of cases as the criterion for beginning 
the increase in the patient’s activity. The observations presented 
above would seem to affect the interpretation of an elevated ESR in 
rheumatic fever in adolescent patients, especially girls, when it persists 
for some time as the only indication of activity of the rheumatic process. 

An examination of the clinical chart will show that in such cases a 
number of months may be spent by the patient in bed while the ESR 
remains elevated as the only indication of rheumatic activity, and this 
prolonged stay in bed is not well borne by children who are nk actually 
ill. This is especially true in tlie older age groups among .children, in 
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whicli the phenomenon lias been observed. Under these circum- 
stances it is, after a time determined by clinical observation, both 
unnecessary and harmful to continue complete bed rest while waiting 
for the ESR to return to normal limits. 

It need hardly be said that where any doubt exists as to the status 
of the patient, complete bed rest is advisable and should be continued. 
Certainly it is far better to err in the direction of too long a period of 
complete bed rest than to allow the patient increased activity pre- 
maturely. Finally, the continued examinations which would invariably 
be made under the circumstances, as tlie patient is carefully permitted 
increasing activity, would serve to con&m the clinical judgment in 
such cases. 

No attempt has been made to estimate the expected frequency of 
the phenomenon described here because of the small number of cases 
observed and because of the lack of general agreement as to the normal 
range of ESR values. For orientation, however, it may be indicated 
that within this group of 400 convalescent rheumatics, the 9 cases 
described here represent 2.3% of the total, or 3.6% of the 248 patients 
who fell in the age range of 9 to 16 years. In the girls’ wards the 
8 cases represent 3.7% of the 215 patients, or 6% of the 133 girls in 
the 9 to 16 year range. 

The term "rheumatic activity” has been avoided as much as possible 
because of our present lack of understanding of the nature of the rheu- 
matic process and the consequent subjective factor involved in the use 
of the term. The children described in this paper have not been 
identified as "active” or "inactive rheumatics” in the terminology 
of rheumatic disease. Rather the quiescence of the rheumatic process 
affecting these children at the time they were allowed up has been 
indicated in terms of their subsequent tolerance of progressively 
increasing exercise, as observed data in the clinical charts. This is, 
in fact, the practical criterion in the management of convalescence 
from rheumatic carditis when one considers allowing the patient up. 

It is of interest to report, in this connection, that of the control 
patients, 3 children who were allowed out of bed after the subsidence 
of all signs of rheumatic infection and the fall of the ESR to normal 
levels, in the usual manner, showed clinical evidence immediately 
thereafter that they had resumed activity prematurely. These children 
were returned to bed; their ESR values fell again, and the subsequent 
clinical course was uneventful. 

In considering the possibility tliat the persistence of the elevated 
ESR in the patients described might be due to an unrecognized smoul- 
dering rheumatic lesion, it is pertinent to point out that the degree of 
cardiac damage was found to vary quite widely among tlie group, and 
that in 4 of the 9 no cardiac lesion was demonstrable during the greater 
part of their convalescence. 

Summary. Four himdred children, 215 of whom were girls, were 
observed during their convalescence from episodes of rheumatic carditis. 
In 9 of these patients, 8 girls and 1 boy, ranging from 9 to 16 years of 
age, the ESR remained persistently elevated long after the other signs, 
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symptoms and tests for active rheumatic infection had returned to 
normal or become stationarjL These patients were ultimatelj'- allowed 
out of bed while the ESR was still elevated. Continued clinical 
observation following the resumption of physical activity failed to 
reveal any indication that these children had been allowed out of bed 
prematurely. 

Some theoretical and clinical implications of these data are discussed. 
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EXPERIMENTS ON COMPONENTS A AND B (QUICK) 

OF PROTHROMBIN 

By William J. Oneal, M.D.* 

ASSISTAJrr RESIDENT SURGEON 
AND 

Conrad R. Lam, M.D. 

ASSOCIATE SURGEON 
DETROIT, MICH. 

(From the Division of General Surgerj’' of the Henry Ford Hospital) 

In 1943, QuickC observed that if stored human plasma and plasma 
from a dicumarolized dog, each having a low protlirombin level as 
measured by the Quick test, were combined in equal amounts, the 
resulting mixture showed a remarkable restoration of prothrombin 
actiwty. It was his hypotliesis that prothrombin must be a complex 
of at least 2 factors, component A which disappears from stored blood 
or plasma and component B which becomes low during dicumarol 
administration. A clinical application of tliis discovery was at hand. 

* Now Lt. a. g.) USNR. 
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If hemorrhage or other emergency made it imperative to restore the 
prothrombin level in a dicumarolized patient, stored blood or plasma 
should be as effective as the fresh. 

It seemed desirable to repeat and amplify the experiments of Quick 
with several significant changes in the procedure which would make 
the experiments in tiiro more comparable to the proposed clinical 
treatment. Quick’s experiments immlved a heterogeneity of species, 
i. e., human stored plasma was mixed with the dog’s dicumarolized 
plasma. After corroborating his findings (Group 1 experiments de- 
scribed below) we varied the experiment by mixing stored human 
plasma with dicumarolized Jmman plasma (Group 2 experiments) and 
mixing the corresponding plasmas of the dog (Group 3 experiments). 
Furthermore, in his original tests Quick used plasma from blood in 
which sodium oxalate had been used as the anticoagulant. Since 
ordinary blood bank plasma contains an excess of sodium citrate to 
prevent clotting, it remained to be seen if it had the same restorative 
effect as oxalated plasma (Group 4 experiments). 

In this investigation, the usual Quick prothrombin test was per- 
formed, using rabbit brain thromboplastin.* In a small test tube are 
placed 0.1 cc. of plasma and 0.1 cc, of thromboplastin solution. The 
tube is put in a water bath at 37° C. and 0.1 cc. of 0.025 M calcium 
chloride is added. The time from this addition to the formation of the 
clot is measured with a stop watch- From an empirically constructed 
curve, the prothrombin concentration in per cent of normal may be 
estimated from the prothrombin time. 

Group 1 Experiments. This is the original experiment of Quick, 
involving the combination of human stored and dog dicumarolized 
plasmas. In Table 1, it may be seen that his results were duplicated. 


Tabvb 1.— Mixtoke of Stoked Husian Pdasma and DicmuROLizEc Dog Peasma 


Experiment 1: 

(a) Human plasma, stored 10 days . 

[b) Dog plasma, after feeding dicumarol 

Equal parts of (a) and (b) ... 

E.xperiment 2: 

(а) Human plasma, stored 37 day.s . 

(б) Dog plasma, after feeding dicumarol 

Equal parts of (a) and (b) ... 

* Calculated on the basis of human plasma. 


Prothtorabin 
time in see. 

%of _ 
normal 

. . 32 

25 

. . 22 

35 

. . 11 

<100* 

. . 120 

>1 

. . 28 

20 

. . 12 

<100* 


Gro?/p 8 Experiments. In these experiments, human dicumarolized 
plasma was substituted for the dog plasma of the preceding group. 
Experiments 3 and 4 reported in Table 2 are typical of 7 performed. 
In Experiment 5, fresh human plasma as ivell as stored plasma was used. 

Group S Experiments. In tliese experiments, stored dog plasma was 
mixed with dicumarolized dog plasma. It was found that component 
A of prothrombin in the dog is much more stable than it is in man. 
When this plasma was stored, the prothrombin time remained approxi- 
mately normal for 4 weeks, after which it became prolonged and was 
usually infinity at the end of 8 weeks. In Table 3, it is .seen that 
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in Experiment 7, tlie combination of the 2 dog plasmas, each having 
an apparent prothrombin concentration of zero, resulted in a mixture 
with a prothrombin time of 12 seconds (60%). 


Table 2. — Mexture of Human Stored and Dicumaroeized Plasmas 



Prothrombin 

% of 


time in sec. 

normal 

Experiment 3: 



(o) Human plasma stored 8 days 

. . 38 

20 

(6) Human dicumarolized plasma 

. . 32 

15 

Equal parts of (o) and {b) .... 

. . 20 

65 

Experiment 4; 



(a) Human plasma stored 27 days . 

. . 40 

5 

(f?) Human dicumarolized plasma 

. . 25 

30 

Equal parts of (al and (6) .... 

. . IS 

70 

Experiment 5; 



(a) Fresh human plasma 

. . 13 

100 

(b) Human plasma stored 14 days . 

. . 36 

20 

ifi) Human dicumarolized plasma 

. . 45 

5 

Equal parts of (a) and (c) .... 

. . 16 

70 

Equal parts of (6) and (c) .... 

. . 16 

70 

Table 3. — Mixture of Stored and Dicumarolized Plasmas of 

THE DOO 


Prothrombin 

% of 


time in sec. 

normal 

Experiment 6: 



(a) Dog plasma stored 51 days .... 

. . ^ 

0 

(b) Dicumarolized dog plasma .... 

. . 29 

20 

Equal parts of (a) and (b) .... 

. . 15 

SO 

Experiment 7 : 



(a) Dog plasma stored 64 days .... 

. . ® 

0 

(b) Dicumarolized dog plasma .... 

. , oa 

0 

Equal parts of (a) and (b) .... 

. . 12 

60 

Table 4. — Effect of Citrated Plasma 



Prothrombin 

% of 


time in sec. 

normal 

Experiment S : 



(o) Fresh human plasma, citrated 

. . 15 

100 

(b) Citrated human plasma, stored 3 mos. . 

. . CO 

0 

(c) Dicumarolized iiuman plasma 

. . 25 

30 

Equal parts of (a) and (c) .... 

. . 18 

05 

Equal parts of (b) and (c) .... 

. . 18 

05 

Experiment 9; 



(a) Fresh human plasma, citrated . 

. . 13 

100 

(6) Citrated human plasma, stored mos. 

. . CO 

0 

(c) Dicumarolized human plasma 

. . 45 

5 

Equal parts of (a) and (c) .... 

. . IS 

65 

Equal parts of (b) and (c) .... 

. . 18 

65 


Grovp Jf Experiments. The anticoagulant used in the plasmas in the 
above experiments was sodium oxalate, 0.5 cc. of 0.1 hi sodium oxalate 
being used for each 4.5 cc. of blood. Blood taken forthellenry Ford Hos- 
pital blood bank is kept fluid by adding 100 cc. of 2.5% sodium citrate 
to 500 cc. of blood. It seemed desirable to repeat the experiments using 
such citrated hmnan blood. In a number of preliminary tests, it was 
found that when either of the above anticoagulants was used, identical 
protlurombin times were obtained from the resulting plasmas. The 
experiments detailed in Table 4 were then carried out. Citrated 
plasma, stored^ 3 months or longer was as efficacious as fresh plasma 
in the restoration of dicumarolized plasma. 
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Summary. 1. The experiments of Quick which suggested the hypoth- 
esis that prothrombin consists of at least 2 components have been 
corroborated and amplified. 

2. The combination of equal volumes of stored human plasma and 
plasma from a dicumarolized person gives a mixture with a Quick 
prothrombin level of from 60 to 70% of normal. The same is true of 
the corresponding plasmas of the dog. 

3. Fresh human plasma was not superior to stored plasma in such 
restoration of prothrombin. 

4. The presence of sodium citrate in excess (as in blood bank plasma) 
did not affect this restorative property. 
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HEMOLYTIC TRANSFUSION REACTIONS DUE TO THE 

Rh FACTOR 
Report of 2 Cases 

By Capt. Arthur W. Frisch, M.C., A.U.S, 

UABOHATOnY SECTION, PERCY JONES GENEKaL AND CONVALESCENT HOSPITAL* 

The present conception of atypical agglutinins as a cause of trans- 
fusion reactions originates from the significant observations made by 
Levine and Stetson in 1939-' They described an antibody, responsible 
for a transfusion reaction, which agglutinated 80% of human Group 0 
bloods and which was “independent of the M, N and P factors.” 
Moreover, Levine and Stetson recognized the clinical significance of 
their findings and pointed out that beneficial transfusions could be 
obtained by the proper selection of donors whose cells failed to react 
with the atypical agglutinin; and that the immunization of the mother 
in their case was due to fetal tissues inherited from the father. These 
studies, together with the discovery of the Rh factor by Landsteiner 
and Wiener, and the detection of atypical antibodies in cases of repeated 
transfusions^ have stimulated renewed interest in reactions following 
the infusion of blood. Patients with various blood dyscrasias are 
commonly given numerous transfusions over an extended period of 
time so that adequate opportunity for iso-immunization exists. Reac- 
tions are believed to occur more frequently in this group,^ but careful 
investigation often fails to reveal an appropriate cause. The purpose 
of this report is to present 2 cases in which proof was obtained that the 
Rh factor was responsible for the transfusion reactions. 

The first patient, H, was a 24 year old white male with far-advanced 
Hodgkin’s disease, belonging to the blood Group 0, Type Rh negative. 
From June 9 to June 27, 1944, while in another general hospital, he 
received 4 transfusions without reaction. On July 1 an infusion of 

* Now stationed at the School of Pufalio Health, University of Michigan, Ann Arbor, 
Mich. 



FRISCH: HEMOLYTIC TRANSFUSION REACTIONS DUE TO RH FACTOR 185 


washed red blood cells resulted in hives and dyspnea; this was fol- 
lowed by icterus, which, however, persisted and may have been due 
to hepatic metastases already known to exist. He was admitted to 
this hospital on July 5, 1944. During the following 15 days he was 
given 4 transfusions of citrated blood and 2 red cell infusions. With 
each of these he experienced reactions which consisted of chill, usually 
developing 1 to 2 hours after transfusion, and fever ranging from 
101.4° to 104.4° (Table 1). On one occasion (July 20) hemoglobinuria 
followed a severe chill. All bloods given were “ compatible” as judged 
by carefully performed cross-matchings using the test-tube technique 
recommended by Levine et al? The data in Table 1 summarize the 
clinical and laboratory results on the donors used for transfusion. 


Table I.— Transfusions, Patient H 

Agglutination t)f donors' 
cells by serum 


Date 

1944 

Reaction 

Donor 

Anti-Rh 

Patient H 
(7-29) 

7- 7 . 

. Chill, temp. 104.4° 

0 

+ 

+ 

7- 8 . 

Chill, temp. 103.4° 

0 

Unkn. 

Uniin. 

7-11 . 

. None 

0 

+ 

+ 

7-14 . 

Chills, temp, 101,4° 

0 

Unkn, 

Unkn. 

7-20 . 

Chill, temp. 103°, 

0 

+ 

+ 

7-22 . 

hemoglobinuria 
. None 

0 


+ 

8- 3 . 

None 

0 



8-11 . 

. None 

0 

— 

— 

8-17 . 

. None 

0 

— 

— 

8-23 . 

. None 

0 

— 

— 


One week following a transfusion (July 22) a warm agglutinin was 
detected in the serum of Patient H which was tested with 127 known 
bloods of all groups.* l^Tien the figures were corrected for the fre- 
quency of the Rh factor in the population at large (85%), the reactions 
corresponded closely with a serum first described by Levine et air and 
designated as anti-Rlii by Wiener, Sonn and Belkin.^- This antibody 
is characterized by the fact that it agglutinates the blood of approxi- 
mately 70% of white individuals of New York City and by the fact 
that it clumps a small number of bloods (Rh') which fail to agglutinate 
with standard anti-Rh seriuns. The serum from Patient H aggluti- 
nated 69% (corrected figure) of the bloods tested. Among these were 
5 individuals characterized as Rh negative with the standard 85% 
serum obtained from Dr. Levine. 

The second patient, Z, was a white male, age 22, admitted to this 
hospital Nov. 15, 1943, with a diagnosis of aplastic anemia. At other 
stations he had received a total of 5 transfusions from October 5 to 
November 10 without reaction. At this liospital, between Januarj’- 3 
and March 15, he received 10 transfusions, at least 5 of which were 
Rh-positive bloods. Only minor reactions were noted. On July 8 
his anemia became more pronounced and transfusion therapy was 
again resumed after an interval of nearly 4 months. In the next 
4 days he had severe reactions to only small quantities of blood, sub- 

* Tho A and B substance of Witebsky, used to inactiv-ate the isohemagglutinins, was 
obtained through the generosity of the Eli Lilly Company. 
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sequently found to be Rh positive (Table 2). At tlie same time the 
recipient was tested and found to be Rh negative. However, we were 
unable to demonstrate Rh antibodies in bis serum and cross-tests with 
known Rli-positive cells were tboroughlj’- compatible in vitro at 37° 
and at ice-box temperature. Nevertheless we proceeded to give him 
only Rh-negative blood on empiric grounds. From July 13 to August 8 
he received 13 transfusions with only 2 minor febrile reactions. During 
this period the patient’s serum Avas investigated for the presence of 
atypical antibodies Avithout success. Since our suppl.v of Rh-negative 
donors Avas limited and since we had no actual proof that the Rh factor 
AA'as inArnh'^ed,* it Avas decided to attempt once more an infusion AAdth 


Table 2.— Transfusions, Patient Z 


Date 

Reaction 

Donor’s 

group 

Type 

nh 

1- 3 . 

. None 

A 

-f 

1- 7 

None 

A 

— 

1-12 . 

. Chill, 101° 

A 


1-26 

None 

A 

-f 

2- 2 . 

, None 

A 

— 

2- 8 -- . 

. None 

A 

Unkn. 

2-15 . 

. None 

A 

Unkn. 

2-22 

None 

A 

"k 

3- 4 . 

. None 

A 

Unkn. 

3-15 . 

. Chill, 102° 

A 

4- 

7- 8 . 

. 250 CO., chill, vomiting, 102.8° 

A 

"f* 

7-11 . 

. 175 CO., chill, 101.6° 

A 

+ 

7-12 . 

. 200 00 ., chill, 102° 

A 

+ 

7-13 . 

. None 

0 

— 

7-14 . 

. None 

0 

— 

7-15 . 

. None 

0 


7-19 . 

. None 

A 

— 

7-20 . 

. 101.6° 

A 


7-21 . 

. None 

A 

— 

7-22 . 

. None 

A 

— 

7-24 . 

. 101.2° 

A 

— 

7-25 . 

. None 

A 


7-26 . 

None 

A 


7-27 . 

. None 

A 


8- 5 . 

. None 

A 

— 

8- 8 . 

None 

A 

— 

8-11 . 

. A^omiting, jaundice, homogio- 

A ■ 

+ 

8-16 . 

binuria, 104.6° 

. None 

A 

— 

8-22 . 

. None 

A 

— 

8-23 . 

. None 

A 

— 

8-24 . 

. None 

A 

— 


Rh-positiA’-e blood. Transfusion was started at approximately 3:30 p.m. 
on Aug. 11, 1944; when 200 cc. had been infused, signs of beginning 
reaction became cAddent in the form of headache, nausea and malaise. 
These symptoms grew progressiAmlj'^ more severe, until the headache 
Avas intense and vomiting occurred. The transfusion (500 cc.) was 
completed at about 6:00 p.m., at which time the patient Avas found to 
have a temperature of 104.8° F., altliough he stated that he did not 
feel especially warm and had had no real chills. Later in the evening 
the patient appeared markedly toxic and weak and experienced severe 

* There was some suspicion of pyrogens in transfusion sets at that time. 
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bouts of nausea and vomiting. On the following morning icterus was 
apparent (icterus index 64) and his urine contained some red cells and 
a large amount of free hemoglobin. Alkalies and fluids were promptly 
administered and a satisfactory output of urine was obtained. The 
icterus diminished rapidly and the hemoglobinuria disappeared within 
24 hours. The hemorrhagic phenomena and underlying thrombo- 
cytopenia were apparentlj'' little affected by the transfusion reaction. 

A specimen of blood from this patient was examined only 4 hours 
after transfusion and we were unable to demonstrate the presence of 
the Rh-positive cells. Similar negative results were obtained the 
following day. This observation was not surprising in view of the 
subsequent serologic findings and the rapidity with which jaundice 
and hemoglobinuria developed. The patient’s serum was then tested 
for "blocking antibodies” of the type recently reported by both 
Wiener’’’ and Race.® Z’s serum, 0.2 cc. of varying dilutions, was 
incubated for 1 hour at 37° C. with 1 drop of a 2% suspension of 
Rh-positive cells. One drop of an appropriate dilution of anti-Rh 
serum was then added to each tube; the mixtures were again incubated 
for 1 hour at 37° C. and examined for agglutination. Appropriate 
control sera from negative unsensitized individuals failed to iriliibit 
the Rh agglutination reaction. 


Table 3. — Rh Blocking Test — Patient Z’s Sebum 
Dilutions of serum 

Date ... • — 



1944 

15 

20 

30 

40 

60 

80 

120 

ICO 

240 

320 

1 

8- 5 

— 

— 

_ 

— 

— 

— 

— 

++ 

-f + 

+ + 

2 

8- 8 

— 

— 

— 

— 

— 

— 

— 

++ 

+ + 

+ + 

3 

8-11* 



— 

— 


+ -f- 

4-4- 

++ 

+ + 

+ + 

4 

8-12 


— 

— 

— 



4-4- 

+ + 

+ + 

+ + 

5 

8-14 

— 

— 

— 

— 

+ 4- 

-f-f 

4-4- 

++ 

+ + 

+ + 

6 

8-16 

— 

— 

— 

— 

— 

— 

— 

++ 

+ + 

+ + 

7 

8-19 

— 

“ 

— 

— 

— 

— 

— 

+ 

+ + 

+ + 

8 

8-23 


— 

— 

— 

— 

— 

— 

++ 

+ + 

+ + 


* Serum obtained 4 hours after transfusion with Rh positive blood. 


It should be noted (Table 3) that 6 days prior to transfusion the 
serum of Patient Z contained Rh-inliibiting antibodies to a titer of 
1:120. Four hours following transfusion (August 11) and for 3 days 
thereafter the titer was reduced to 1:60; this in turn was followed by 
a subsequent restoration to the former level (August 16). At no time 
were agglutinating antibodies demonstrable in the patient’s serum. 
The drop in titer following infusion of Rh-positive blood was regarded 
as evidence of tlie union of donor cells and antibody in vivo. 

Discussion. Patient H in whom agglutinating antibodies of T^qie 
Rhi were^ demonstrable, exliibited several characteristic features of 
acquired iso-immunization. A succession of transfusions was required 
before evidences of transfusion reaction appeared and these became 
progressively more pronounced, finally terminating in frank hemo- 
globinuria. As Wiener has pointed out, hemolysis due to Rh incom- 
patibility may be at first not apparent but may eventually result in a 
severe or fatal reaction.® Appropriate e.xaminations of blood from 
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Patient H, utilizing the factors M and N as an index of the destruction 
of donor cells, may have aided us in avoiding the acute reaction of 
July 20 and the risk of serious outcome.® The development of 
sjTnptoms probably due to the Rh factor within a month after the 
initial transfusion is a shorter time than usually required for iso- 
immunization. However, Vogel, Rosenthal and Levine'* reported a 
case (No. 4) in which only 8 transfusions and an interval of months 
was adequate for the development of anti-Rh agglutinins. 

The specificity of the antibody in Patient H is of some interest inas- 
much as its relationship to the Rh factor was at first obscured by the 
fact that it reacted with some Rh-negative bloods." A serum giving 
somewhat similar reactions was also reported by Wiener® from a case 
involving multiple transfusions and subsequentlj’- classified as anti-Rhj 
by Wiener and Landsteiner.*® It is of interest to note that the blood 
cells of all Rh-positive donors tested (Table 1) were agglutinated by 
the serum of Patient H, indicating that they belonged to the sub-types 
Rhi or RhiRhjJ^ On the basis of the distribution of the Rhi type 
which occurs in 50%, in contrast to the Rho type which is found in 
only 15.5% of the general population, it is to be expected that the 
anti-Rhi iso-immunization would occur more frequentl}’’ tlian the 
anti-Rhj. Only recently Waller, Levine and Garrow reported a case 
of erjdhroblastosis fetalis involving the Rhi factor in which the mother 
of the baby was Rlij.® Additional cases of iso-immunization of Rh- 
positive mothers of Type Rh' have been described by Levine, Burnliam, 
Katzin and Vogel,^ and by Wiener.*® 

The second patient, Z, is also of special interest because of the high 
titer of Rh blocking antibodies present in his serum despite the absence 
of demonstrable agglutinating antibodies. This finding confirms the 
observation of Wiener*^ regarding the development of inhibiting (non- 
agglutinating) factors in sera of patients sensitized to the Rh antigen. 
Since only 2% of Rh-negative individuals respond by producing 
agglutinins to the Rh factor following multiple transfusions,® the 
demonstration of an inhibiting antibody is of considerable value as a 
method of detecting Rh sensitization where agglutinating antibodies 
are not present in the circulation.'*’® We have recently had the 
opportunity to apply the blocking test in 2 cases of iso-immunization 
during pregnancy which resulted in erythroblastotic infants. Both 
mothers were Rh negative and the fathers Rh positive. Interval 
tests during the period following delivery failed to reveal the presence 
of Rh agglutinins. Blocking antibodies, however, were present in a 
titer of 1:2 in 1 case and 1:16 in the other. One additional case is 
worthy of mention. This patient was an 0, Rh-negative male with 
suppurative pulmonary disease who received 24 transfusions over a 
period of 1| years with no reactions whatsoever. On Aug. 17, 1944, 
two 500 cc. transfusions using 0, Rh-positive donors were given with 
benefit and without reaction. One month later the recipient’s serum 
was tested but Rh agglutinins were not! demonstrable. Tests for 
blocking antibod}^ however, were positive to a titer of 1:4. In view 

* See for additional references. 
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of the above findings this patient, although sensitized to the Rh factor, 
was apparently able for some unknown reason, to receive Rh-positive 
blood with impunity. 

Summary. Two cases of severe reactions following multiple transfu- 
sions were found to be due to the Rh factor. In 1 patient an atypical 
agglutinin conforming to the sub-type Rhi was demonstrable. In the 
second, the Rh antigen was implicated by finding a high titer of 
“blocking” antibodies in the recipient’s serum despite the absence of 
agglutinins. 
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THE ACCEPTABILITY AND EFFECTIVENESS OF THE CONDOM 
AS A CONTRACEPTIVE METHOD*! 

By Christopher Tietze, jM.D. 

BALTIMORE, ^ID- 
AKD 

John B. Hagaman, M.D. 

BOONE, N. C. 

Instruction in contraception has an important place in any com- 
plete public health program. Its importance in cases where pregnancy 
is contraindicated is well recognized. Of almost equal importance is 
its use to prevent unduly frequent pregnancies with their unfavorable 
effect upon mother and child. While the diaphragm-and-jelly method 
is considered very reliable, its general introduction in the public health 

* From the National Committee on Maternal Health, 2 East 103rd St., New York 
City. 

t Thanks are due the Johns Hopkins University School of Hygiene and Public Health 
for space and assistance in preparing this report. 
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field has been limited by the amount of the physician’s time required 
for fitting and the details of instruction. For this reason the simpler 
methods are capable of much wider application. Of these, only foam- 
powder-and~sponge2'3 and jelly-alone^-®'®-® have been widely studied. 

Technical impovements of the past decade have produced condoms 
which, being thinner and more carefully inspected for holes and other 
defects than previously, interfere less with sensation during inter- 
course, are more durable, and promise a higher degree of protection 
than earlier sheaths, A priori they would seem well adapted to use 
in public health programs. They have not, however, been tested on a 
large scale in a controlled experiment. 

To secure an estimate of the acceptability and effectiveness of con- 
doms under conditions closely resembling those of a public health 
program, a series of carefully studied cases were planned by Dr. Gilbert 
W. Beebe under the auspices of the National Committee on Maternal 
Health. Condoms of an assured high quality (Trojans) were supplied 
by the Youngs Rubber Corporation. Thej’' had been tested by the 
manufacturer by being mechanically stretched over a blunt metal 
cylinder whose diameter was 1.5 times that of the condoms when 
flaccid. When dipped in a solution of a neutral wetting agent, holes 
were indicated by a ring of fluid beneath the rubber, and any such 
condom was rejected. This technique appeared superior to the earlier 
practices of inflation and visual inspection. Because of it and in order 
to keep the procedure as simple as possible, fui’ther testing by the user 
was not suggested. 

A rural area where the population had been little exposed to educa- 
tion in matters of birth control was found in Watauga County, N. C. 
To make the results applicable to situations where little or no physi- 
cian’s time would be available, the physician in charge (J. B. H.), 
after choosing the patients in need of pregnancy spacing, directed a 
registered nxu-se, Lena Gilliam Hillard, R.N., to give the instructions. 
She was peculiarly well-fitted for the work, being a native of a similar 
region in Kentucky and having assisted at Berea in a testof the accepta- 
bility and effectiveness of jelly-alone.® As the work progressed it 
became evident that the families for whom the physician had prescribed 
the service comprised a major portion of the rural farm population. 
Therefore, in order to approach the statistically desirable ideal of an 
unselected population, he instructed the nurse to offer the same service 
to all couples. 

As the county contained more rural-farm families than could be 
included in the program, representative geographical selection was 
secured by subdividing it into 26 areas bounded by roads, and choosing 
13 of these at random. Although service was given to a few colored 
couples, the present analysis has been limited to whites to secure a 
more homogeneous material. To avoid inclusion of a large number 
of women past menopause, those above the age of 45 years were 
likewise eliminated. The population studied, accordingly, comprises 
all the married white rural-farm women under 45, living in the 13 areas 
constituting approximately half of Watauga County. 
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At tlie first visit the need for birth control was discussed with the 
wife and the use of the condoms explained. If the free supply of these 
was accepted, a dozen condoms were left. Those who accepted the 
service were revisited 2 weeks later. If at this visit the condoms had 
not proved satisfactorj’^, the nurse was instructed to make suggestions 
for better use of the sheaths, such as the use of a lubricant. If it was 
found that both wife and husband were satisfied with the method, a 
larger supply was given and further follow-up visits were made at 
intervals of about 6 months. Repeated use of each sheath was not 
suggested. 

The history taken at the initial visit provided a record, as accurate 
as the patient’s memory permitted, of the exposure to pregnancy and 
of the use or non-use of contraception for each month of her married 
life, as well as of each pregnancy and its termination. At every follow- 
up visit this information was brought up to date. All patients were 
followed until they decided to abandon the service or until tliey left the 
county. The present analysis covers the first 4 years of the project, 
from its onset in September 1939 to late in 1943. During the later 
part of this period a certain proportion of the follow-up work with the 
more intelligent and cooperative patients was carried out at the nurse’s 
office in Boone or by mail. 

Although a considerable number of women became accustomed to 
write for supplies, it should be clearly understood that the main 
initiative and responsibility for the continuation of the service rested 
at all times with the physician and the nurse. For many of the 
participants the service remained something which was brought to them 
without effort on their part rather than something they went out of 
their way to obtain. 

A total of 658 married couples were found in the survey area who 
fulfilled the conditions listed above. The mean age of tlie wives was 
29.3 years, the mean duration of marriage 10.3 years. The occupa- 
tion of 83% of the husbands was recorded as farmer, the others being 
a miscellaneous group, including laborers, mill workers, carpenters, 
mechanics, mail carriers, storekeepers, and a few -teachers and minis- 
ters. Of the families, 17 % had received some relief during the year. 
The median number of school years completed was 7.8 for the husbands 
and 8 for the wives. The average number of children ever born per 
marriage was 3.2. Contraceptive techniques (including withdrawal) 
had been used by 45% of all couples, and were being used at the time 
of the interview by 38 %. Of the 249 couples practicing contraception, 
65% were using condoms, 17% withdrawal, 5% douches, with jellies, 
suppositories, safe period and diaphragm, each accounting for 2% 
or less. 

Human fecunditj* and the efforts to control it are most adequately 
studied in terms of pregnancy rates "per 100 years of exposure.” 
For this purpose the duration of e-xposure is computed by deducting 
from the total months of married life under consideration those during 
which conception cannot occur because of pregnancy, abstinence, 
separation and the like. The pregnancy rate per 100 couples per year 



192 TIETZE, HAGAjVIAN: the condom as a conthaceptive method 


of exposure or, for conciseness, per 100 years of exposure, is calculated 
by the formula: 


Pregnancy rate = 


To tal number of conceptions 
Total months of exposure 


X 1200 


It is necessary to distinguish periods of exposure without and with 
resort to contraception. The pregnancy rate per 100 years of exposure 
is higher for the period before the first pregnancy than afterwards, 
because later exposure includes months of postpartum amenorrhea 
and lactation during which the risk of pregnancy is reduced. Previous 
investigators have reported rates from 112 to 271 for first pregnancies 
and from 70 to 105 for second and subsequent pregnancies, when no 
contraception was used. 

Since the majority of studies of his type have been made in connec- 
tion with birth control clinics, the terms “pre-clinic” and “post- 
clinic” have come into general use. For this reason they will be 
employed here, although no clinic in the conventional sense was 
operated in Watauga County and the terms “pre-interview” and 
“post-interview” perhaps would be technically more correct. During 
the pre-clinic period, while no contraception was being used, those 
who accepted supplies had a pregnancy rate of 125 per 100 years of 
exposure for first pregnancies and of 64 for later pregnancies. That 
their untutored efforts at birth control had been effective is shown by a 
rate of only 13 pregnancies per 100 years of exposure for periods when 
contraception was used after the termination of the first pregnancy. 

From the point of view of usefulness in public health work, the 
acceptability of a method is of great importance. The first measure 
of this, the proportion of those to whom condoms are offered who will 
try them, depends on many imponderable elements, such as the 
personality of the individual making the offer, the religious background 
and educational status of the couples, their previous experience with 
tlie condom or other contraceptive methods, and many others. For 
the couples who were already using condoms at the time of the first 
interview, the proportion who accepted the supplies was understandably 
high, amounting to 91%. For those who were using other methods 
and for those not using contraception, the proportions were almost 
identical, being 49 and 48% respectively, and 59% for all wives inter- 
viewed. Of the 271 refusing the service, 28% felt they did not need it 
because of natural or operative sterility. Twenty-five per cent stated 
they had religious or moral objections and 13% wanted a baby as 
soon as possible. 

An even more important measure of acceptability is the proportion 
of those who accepted and tried the supplies who were still using 
condoms after varjdng lengths of time. This proportion amounted 
to 85, 79 and 73% after 1, 2 and 3 years, surprisingly high figures in 
view of the current clinical opinion that the male will not long tolerate 
the interference with sensation. The proportions were somewhat 
higher, as may be expected, for those who were using condoms at the 
time of the fhst interview, lower for those who were not practicing 
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contraception at that tinae, and lowest for those using other methods, 
being 81, 71 and 61% respectively, at the end of 3 years. 

Taken as a whole, the acceptability of the condom in terms of con- 
tinued use seems to be relatively high in comparison with the published 
findings for other contraceptives.’* This comparison, however, can 
only be made in a general way because of the differences in investigative 
technique. Furthermore, the readiness with which couples may obtain 
materials and instruction for other methods varies from group to group. 
It should also be emphasized that the high ratios of continued use 
were obtained under the stimulus of home visits by tlie nurse at regu- 
lar intervals. It seems probable that a mode of distribution requiring 
greater initiative and effort from the participants would have been less 
successful. 

As might be expected, the complaint of "interference with sensa- 
tion” was the most frequent one given as a reason for .discontinuing 
the use of condoms. Among couples who stopped in spite of continu- 
ing exposure to the risk of pregnancy, this reason was recorded in two- 
fifths of the classifiable cases. In 44 instances the discontinuance 
could be definitely attributed to one of the spouses, 38 times to tlie 
husband and 6 times to the wife. 

The post-clinic pregnancy rate shows a marked reduction from that 
before the patients had been given condoms. In a total of 649 years 
of exposure to the risk of pregnancy, 72 conceptions occurred, corre- 
sponding to a rate of 11 per 100 years. The same rate was found 
when first pregnancies were left out of consideration. This includes 
all unplanned conceptions before the method had been definitely and 
permanently discontinued, even those occmring after the patient had 
run out of supplies or after other irregular use. To determine the 
rate which would have resulted had the method been used according 
to instructions on every occasion is impossible, because it is evident 
from the records that irregular use was in many instances only ad- 
mitted after conception had taken place. An approach to the appraisal 
of "physiologic effectiveness” is suggested by the fact that irregular 
use was admitted for three-fourths of the unplanned conceptions, and 
even more by the observation that of pregnancies terminated prior to 
the closing of the records, four-fifths were followed by resumption of 
condom use. Ten of the pregnancies were alleged to have followed an 
occasion on which the condom was found to have broken. In only 
9 cases of unplanned pregnancy out of the total of 72 was perfect use 
on every occasion claimed. 

Those with previous experience in some form of birtli control were 
found to be more successful in limiting conceptions after receiving 
condoms, having a post-clinic rate of 6 second-and-subsequent preg- 
nancies per 300 years of exposure compared with one of 16 for those 
who had never previously practiced contraception. 

Comparisons with the physiologic effectiveness of other methods are 
difficult, since no two populations can be assumed to have the same 
degree of skill and regularity in the use of a method. The results 
secured in Watauga County, when compared with other reports 
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(Table 1), show that, under conditions of actual use, the effectiveness 
of the condom surpassed that of jelly-alone and of foam powder-and- 
sponge and almost reached that of diaphragm and jelly. When the 
rate of 6 for those with previous contraceptive experience is considered, 
it is seen to equal the lowest rate previously reported, one secured with 
diaphragm and jelly in a private practice composed chiefly of college- 
trained women from upper-middle-class homes.® 


Table 1.—- Compahison of Pkegnancy Rates per 100 Years of Exposure^ 
During Use of Clinicallv Pbebcribed Contraceptives 


Pregnancies 


Method and residence 

Years of 
exposure 

No. 

Rate 

Diaphragm and jelly; 

Philadelphia* 

. . 935 

59 

6 

Port Chester, N. Y.* 

. . 472 

32 

7 

New York City'* .... 

. . 703 

65 

9 

Cincinnati'* 

. . 2703 

244 

9 

NashviUe* 

. . 351 

32 

9 

Spartanburg, S. C.'* .... 

, . 071 

87 

13 

Condom: 

Watauga County .... 

. . 604 

68 

11 

Foam powder-and-sponge; 

Urban Fioridat 

. . 377 

103 

27 

Nashville* 

. . 206 

57 

28 

New York City"- .... 

. . 82 

29 

35 

Jelly-alone: 

Philadelphia* 

. . 60 

9 

15 

New York City* 

. . 203 

S3 

10 

Chicago’ 

. . 241 

47 

20 

Rural Kentucky* .... 

. . 204 

41 

20 

Logan County* 

. . 938 

364 

38 

Chiefly for second and subsequent pregnancies. 




Since the acceptability and effectiveness of condoms were found to 
exceed those indicated by current clinical opinion, it would appear 
that this contraceptive method is capable of much wider application 
in the public health field than has hitherto been made. The time 
required for instruction is short and this portion of the consultation 
can be delegated to a nurse. Although the method is primarily one 
for the use of the husband, it has been shown that instruction can be 
given satisfactorily through the wife. 

Summary and Conclusion. 1. Under conditions closely resembling 
those of a public health program, condoms were offered by a registered 
nurse, under the supervision of a physician, to married women requir- 
ing pregnancy spacing. Subsequently the service was extended to 
include all married women living on farms in half of Watauga County, 
N. C. 

2. Supplies were accepted and used by 59% of the couples. 

3. Of those who tried the condoms, 73% were still using them after 
36 months. 

4. The post-clinic pregnancy rate was 11 per 100 years of exposure, 
including cases of irregular use. The protection approximated that 
reported for diaphragm-and-jelly and exceeded that afforded by foam 
powder-and-sponge and by jelly-alone. 



BISSELL: MAGNESimi PARTITION IN HYPERTHTROEDISJI 195 


5. The prescription of condoms for the prevention of dangerous or 
undesirable pregnancies requires little of the physician’s time and is 
well suited to inclusion in public health programs. 

A more detailed review of the findings appears elsewhere. 
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THE MAGNESIUM PARTITION IN HYPERTHYROIDISM 

With Special Reference to the Effect of Thiobeacil 

By Grosvenor W. Bissell, jSI.D.* 

BOSTON, MASS. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
[Harvard], Boston City Hospital, and the Department of Medicine, 

Harvard Medical School) 

Serum magnesium is only partially ultrafiltrable in normal persons. 
In human blood, by ultrafiltration, Watchorn and jMcCance^^ found 
that the diffusible magnesium varied between 60 and 90% with an 
average of 80% —7. Recently Suffer and his associates'®’’^ have 
noted in Graves’ disease that, although the total serum magnesium 
was normal, the non-difl'usible, or bound magnesium, was much 
increased at the expense of the diffusible fraction. Administration of 
Lugol's solution to the patient caused a decrease in the bound mag- 
nesium while tliyroidectomy restored the levels of diffusible and non- 
difl’usible magnesium to the normal range. In m;\wedema the situa- 
tion was found to be reversed, all tlie magnesium being in the diffusible 
fraction. Dine and Lavietes® confirmed these findings and suggested 
a possible relation of bound magnesium to the thjToid hormone or to 
certain enzyme systems. 

Cope and WoUf' reported that they were unable to find consistent 
differences between the levels of the bound magnesium of liyper- 

* Now at Edward J. Meyer Memorial Hosp., Buffalo, N. Y. 
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thyroid patients and normal individuals. They likewise reported that 
the effects of iodine administration and thyroidectomy on the bound 
serum magnesium were equivocal. 

Thiouracil has been found effective in the treatment of hyper- 
thjToidism.^-*®-*® This drug acts by preventing the synthesis of the 
thyroid hormone. "While investigating the action of thiouracil in rela- 
tion to various electrolytes, its effect on the serum magnesium parti- 
tion was studied. 

Methods- Blood was dravm under oil from subjects in the postabsorptive 
state. Serum was separated as soon as adequate clotting had occurred, since 
hemolysis introduces serious errors into the determination of the magnesium 
fractions.*® Serum was usually ultrafiltered as soon as obtained. Otherwise, 
it was stored under oil or paraffin at 5° C. Ultrafiltrates were obtained by 
an anaerobic technique, emplo 3 ang the capsule of Lavietes.® A "450” washed 
cellophane membrane was employed, with an effective ultrafiltration pressure 
of 28 cm. mercury. All ultrafiltrations were carried out for 8 to 12 hours at 
room temperature. An average of 4 cc. of ultrafiltrate was obtained from 
about 10 cc. of serum. The total serum magnesium was determined on 2 cc. 
amounts of serum by the method of Briggs,® Calcium was precipitated by 
the method of Clark and Collip.® Phosphate was determined colorimetrically 
by the method of Tschopp and Tschopp.’® Ultrafiltrable magnesium was 
determined as was the total serum magnesium except that the protein precipi- 
tation of the ultrafiltrate with trichloracetic- acid was omitted. Known 
amounts of magnesium sulfate equivalent to 1 mg. % magnesium were carried 
through with each set of determinations to insure the accuracy of the method. 
Bound magnesium was expressed as the arithmetical diff’erence between the 
total and ultrafiltrable magnesium levels. Total serum protein was deter- 
mined by the copper sulfate method.*® 

Table 1.— Total Sebum Magnesium and the Peb Cent op Non-diffusible 
(Bound) Magnesium in Nobmal Individuals 


No. 


Sex 

Total serum 
magnesium 
(mg. per 100 ce.) 

% of bound 
magnesium 

Total protein 
(gm. per 100 cc 

1 


. M 

1.91 

17 

5.8 

2 


. M 

2.06 

26 

6.0 

3 


. M 

2.16 

27 

5.8 

4 


. M 

2.60 

32 

5.3 

5 . 


M 

2.31 

30 

5.8 

6 


. M 

2.22 

25 


7 . 


M 

2.24 

36 

6.0 

8 . 


M 

2.55 

32 


9 . 


M 

2.65 

35 


10 


. F 

2.32 

42 


11 . 


F 

2.01 

29 


12 . 


F 

2.06 

17 

5.7 

13 . 


F 

2.16 

31 

5.8 

14 . 


F 

2.21 

40 

5.8 

15 . 


F 

2.15 

29 


16 . 


F 

2.30 

36 

5.5 

17 . 


F 

2.68 

34 


18 . 


F 

2.36 

29 




Mean: 

2.28 0.03 30.4 

1.1 


Eesults. Total and ultrafiltrable magnesium determinations were 
made in normal individuals, and in patients with hyperthyroidism 
before and during treatment with thiouracil. 

Table 1 shows the results obtained in 18 normal persons, chiefly 
internes and technicians. There were 9 males and 9 females in the 
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group, with ages ranging from 20 to 35 years. Total serum mag- 
nesium varied between 1.91 and 2.68 mg. per 100 cc. witli an average 
of 2.28 =*= 0.03 mg. per 100 cc. Ultraffltrable magnesium ranged 
from 1.33 to 1.76 mg. per 100 cc., with a mean value of 1.58 0.02 

mg. per 100 cc. The percentage of non-diffusible magnesium varied 
from 17 to 42%, with an average of 30.4 ± 1.1%. 

Table 2 shows the results obtained in 24 cases of hyperthyroidism. 
There were 20 females and 4 males, varying in age from 21 to 60 years. 
The total serum magnesium varied from 1.03 to 2.92 mg. per 100 cc., 
with an average of 1.87 =*= 0.06 mg. per 100 cc. The ultrafiltrable 
magnesiiun ranged from 0.55 to 1.90 mg. per 100 cc., with an average 
of 1.28_=i= 0.03 mg. per 100 cc. The percentage of non-dilfusible 
magnesium varied from 5 to 58%, with an average of 30.5 1.9%. 

Table 2 shows also the effect of thiouracil administration in 14 cases 
of hj'^pertlijToidism. The thiouracil* was given in daily doses of 
0.6 gm. for 2 weeks, followed by daily doses of 0.4 gm. until the basal 
rate was approximately normal, when a maintenance dose of 0.1 to 
0.2 gm. daily was given. Those patients in whom specimens were 
obtained after 3 weeks or more of such therapy all had undergone a 
remarkable clinical improvement and were gaining weight. Unfortu- 
nately, in 4 patients, levels could not be determined after 14 days 
of treatment because of surgical intervention or other causes. 

Although the percentage of non-diffusible magnesium decreased to 
some extent in 6 patients (3, 5, 6, 7, 8, 10), in the reijiainder it was 
not either appreciably affected or actually rose. 

Table 3. — A Compabison of the Effect of Thiouhacil on the Percentage 
OF Non-diff0sible (Bound) Magnesium of Serum and the Bound 
Iodine of Plasma 




Bound 

%of 

Bound iodine 

Days of 


magnesium 

bound 

Oig. per 100 CO. 

treatment 

BMR 

(mg. per 100 cc.) 

magnesium 

of plasma) 

0 . . . 

. +60 

0.39 

25 

14.7 

7 . . . 

. +33 

1 . 36 * 

40 

11.4 

1-4 .. . 

. +33 

1.53 

22 

7.2 

28 . . . 

* Slight hemolysis. 

. +12 

1.53 

35 

5.6 


Table 3 shows the decrease in plasma bound iodine in patient No. 2 
Table 2) while receiving thiouracil, as contrasted with the negative 
effect on the level of the percentage of non-diffusible magnesium. 

Commeilt. Our data show the average total, diffusible, and non- 
diffusible serum magnesium levels of hyperthyroid patients to be 
slightly lower than the comparative average values for normals. The 
average value for the percentage of non-diffusible magnesium is 
almost identical in the two groups, however. The range of the per- 
centage of bound magnesium in hypertliyroidism is strikingly varied, 
being just twice as great as the range for normal individuals. 

It is interesting that our data differs from that of Soffer et al. and 
Dine and Lavietes, not so much in tlie average values obtained in 
hyperthjToid patients, as. in the higher average percentage of bound 

* Thiouracil (Deracil) was kindly supplied by the Lcderle Laboratories, Inc., Pearl 
River, N. Y. 
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magnesium found in normal individuals. Our data resembles that of 
Cope and Wolff more closely, altliough their average percentage of 
bound magnesium for both thjTotoxic patients and normals is some- 
what higher than we obtained. The average values for the total, the 
ultrafiltrable, and the bound magnesium wdiich these latter observers 
obtained in hyperthyroid patients are almost identical with our own. 
Examination of Soffer’s data^® shows that 22 of his 50 cases of hyper- 
thyroidism had less than 30% of the total ^erum magnesium in the 
non-diffusible fraction, and he has recently reemphasized the fact^- 
that the percentage of bound, magnesium is not elevated in all cases of 
thyrotoxicosis. 

It is generally accepted that there is an excessive amount of circulat- 
ing thyroid hormone in thjTOtoxicosis. One of tlie best indices of this 
increase is the protein-bound iodine level of the plasma, which has 
been found consistently elevated in hyperthyroidism. It has been 
found that thiouracil causes a decrease to normal of the basal meta- 
bolic rate and the plasma protein-bound iodine in thyrotoxicosis.^® 
In 1 case treated with thiouracil (Table 3) in which simultaneous 
iodine and magnesium determinations were obtained, there was no 
correlation between the two levels. 

The effect of thiouracil on the absolute value of non-diffusible mag- 
nesium, and the percentage of the total serum magnesium which was 
non-diffusible, was quite inconstant. These data would seem to sug- 
gest that magnesium probably does not represent part of the thyroid 
hormone per se. Soffer has noted^® that injections of thyroglobulin 
into dogs causes a rise in the bound magnesium, but only after some 
time has elapsed. The injection of thyroxin into dogs has no appre- 
ciable effect on the magnesium fraction.'** This again suggests that 
magnesium is probably not an integral part of the thyroid hormone. 

Thyrotoxicosis causes profound alterations in most, if not all, the 
metabolic processes of the body. Magnesium is known to be neces- 
sary for the activity of certain enzjnne and co-enzyme systems.®-® 
One of the best recognized of these is the pyruvate oxidation system 
which also requires the presence of diphosphothiamine. It is known 
that persons with thjTotoxicosis are deficient in diphosphothiamine, 
and have high pyruvic acid blood levels.®® This is but one of the 
many metabolic alterations in thyrotoxicosis which might explain 
wide fluctuations in non-diffusible magnesium in this disease. The 
amount of protein in the diet influences the absorption of magnesium 
from the gastro-intestinal tract® which must also be considered in an 
evaluation of the magnesium partition. In view of these and many 
other factors which must influence such an important ion as mag- 
nesium, it appears that the magnesium partition will have to be 
studied in a greater number of metabolic disturbances before its 
significance in hypertlnnoidism may be evaluated. 

Summary. 1. Diffusible and non-diffusible serum magnesium frac- 
tions were determined in 24 lnq>erthxwoid and 18 normal persons. In 
the thjTotoxic cases the non-diffusible fraction ranged between 5 and 
5S% of the total serum magnesium, with an average of 30.5 1.9%. 
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In normals the non-diffusible fraction varied from 17 to 42% of the 
total, with an average of 30.4 =*= 1.1%. Thus we have been unable 
to demonstrate significant increases in the percentage of the non- 
diffusible fraction of the total magnesium in hyper thjToid ism. 

2. Thiouracil apparently has no constant effect on the magnesium 
fractions in hyperthjToidism. 

3. It is suggested that the variability in the magnesium fractions in 
thyrotoxicosis is the reflection of alterations in metabolic processes. 

The author wishes to thank Dr. Robert H. Williams for valuable advice in the conduct 
of this study, and Dr. Roger S. Hubbard for statistical analyses of the results. 
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VITAMIN LEVELS IN SPRUE* 
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Most authorities agree that sprue is due to “a profound disturbance 
of the power of the intestines to absorb in a normal fashion the products 

* This study was supported by a grant from the John and Mary R. Markle Foundation 
and the Anna H. Hanes Research Fund. 
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of digestion,”® and should be classified as a deficiency disease. How- 
ever, the role of vitamin deficiencies in the production of the disease is 
still a controversial matter. For example, it has been reported that the 
glossitis of sprue will subside following the administration of nicotinic 
acid.^ Others® have found that nicotinic acid is of no value whatever. 

In the past few years, laboratory tests have been devised for the de- 
termination of the levels of various vitamins and are now fairly well 
standardized. By applying these laboratory methods to patients hav- 
ing sprue, one should be able to measure the levels or degrees of 
saturation of the various vitamins. This might make possible a more 
exact study of this disease and enable one to determine with reasonable 
accuracy what vitamin or vitamins are depleted in a given patient. 
In this communication the vitamin levels of 12 patients having sprue 
are reported. 

Material. The 12 cases of sprue reported here were selected with the 
greatest care, on the basis of steatorrhea, glossitis, macrocytic hj^ier- 
chromic anemia, flat glucose tolerance fcurve, and marked weight 
loss. Two of the patients had previously been diagnosed as having 
sprue, according to the criteria stated above, but were in remission 
at the time of this study. 

For the purpose of comparison, a second group consisting of 25 
patients who wered diagnosed clinically as having a mild or early vita- 
min deficiency of the B-complex was selected. These patients were 
of the same economic level as that of the group having sprue and so 
far as cotdd be ascertained were subsisting upon essentially the same 
diet. A control group of 30 normal medical students also was studied. 

Method. The method of study was similar to that described in a previous 
communication.’^^ To summarize, all patients were hospitalized and given a 
standard diet, low in vitamins, but adequate in proteins and calories. The 
control group of 30 medical students was given this diet during the period of 
study but allowed to continue their usual acthdties. The following laboratory 
tests for ^^tamins were carried out: Vitamin C was measured in the Evelyn 
photoelectric colorirneter, using Tillman’s dye and the technique of Mindlin 
and Butler.” Vitamin A determinations were made by the method of Kimble.” 
The wtamins of the B-complex were determined in the urine before and after 
the follovdng test doses: thiamin, 1 mg. i.m.; ribofla\dn, 5 mg. orally; nicotinic 
acid amide, 500 mg. orally ; pjTidoxine, 50 mg. orally. Thiamin was determined 
at first by the yeast fermentation technigue of Atkin, Schultz and Frcy‘ 
which includes the totel thiamin and pyrimidine fractions, and later b 3 ’ a 
rnodification of the thiochrome method.® Riboflawn was measured bj'^ the 
direct fluoronietric method of Ferrebee,^ omitting the adsorption and elution 
steps. The nicotinic acid load-test was based on the prewous studj' of Perl- 
zweig, Sarett and Margolis.*® Values for F. determined fluorometricallj''^ 
paralleled closelj^ those for total nicotinic acid excretion, Pj’ridoxine was 
determined colorimetrically by the technique of Scudi et including the 
form hydrolj'zed by heating with acid. 

Results. The vitamin levels in the 3 groups, as determined by the 
procedures described above, were compared and are shown in the ac- 
companj'ing tables and charts. The "suggested lower limit of normal” 
as shown in the accompanying charts was based upon a previouslv 
reported study.” 
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Vitavlin A. The plasma levels of vitamin A in the 30 normal 
students show a distribution and a mean well above those of the 
25 patients having vitamin deficiencies (Chart I), It is important to 


Table 1 . — Ahithsietical Means of VrrAiiiN Lb%’bls 


Vitamins 

30 

Student 

25 

B complex 

12 

Suggested 
loner limit 

controls 

deficiencies 

Sprue 

of normal 

A 

115.0 

89 

48 

.75 

Carotene 

265.0 

205 

49 

165 

C 

0.67 

0.33 

0.06 

0.15 

Nicotinic acid 

88 

48 

57 

65 

Thiamin; Control period 

672 

455 

260 

400 

Load-test 

415 

150 

156 

300 

Riboflavin; Control period . 

810 

490 

'280 

400 

Load-test . 

3300 

2100 

1630 

2200 

Pyridoxino 

7.0 

5.2 

5.8 

4.7 


Vitamin A — international units per 100 cc. of plasma. 

Carotene — international units per 100 cc. of plasma. 

Vitamin C — mg. per 100 cc. of plasma. 

Nicotinic acid — urinary excretion'in mg. in 14 hrs. after test dose of 500 mg. orally. 
Thiamin; Control period — urinary excretion in gamma in 24 hrs. 

Load test — urinarj' excretion in gamma in 4 hrs. after 1 mg. intramuscularly. 
Riboflaxnn; Control period — urinary excretion in gamma in 24 hrs. 

Load test — urinary excretion in gamma in 24 hrs. after 5 mg. orally. 
Pyridoxino — urinary excretion in mg. in 4 hrs. after 50 mg. orally. 
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note that the values in the 12 patients having sprue were likewise 
much lower than those of the deficiency group (Table 1). Nothing 
to suggest a vitamin A deficiency clinically was observed in any of these 
patients. 

Carotene. The general distribution of values for plasma carotene 
between the three groups was the same as that in vitamin A, yet the 
difference between the mean in those patients having sprue and those 
of the other groups is even more marked (Chart II). 
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Vitamin C. While there were individuals in each group whose plasma 
contained no measurable vitamin C, still over half of the patients 
having sprue had levels of zero, and the remainder were below 0.3 mg. 
per 100 cc. (Table 1). None of the patients showed any clinical 
evidence of scurvy. 

Nicotinic Acid. A comparison of the urinary excretion of nicotinic 
acid in the three groups, following the administration of 500 mg., is of 
interest. It will be noted that the mean of the patients having sprue 
is somewhat higher than that of the deficiency group, but both were 
considerably lower than the normal controls (Chart III). 
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Rihofiadn. The distribution of values of the urinary excretion of 
nbonavin, both during the control period and after the oral administra- 
tion of 5 mg. in the 3 groups, is shown in Charts and V. The mean 
of the patients having sprue was definitely lower than that of the 
patients classified as having a vitamin deficiency and both were sig- 
nificantly lower than that of the normal control group. 
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Thiamin. During the control period of thiamin excretion, the dis- 
tribution of values between groups was essentially the same as in 
riboflavin. However, after the intramuscular administration of 1 mg. 
of thiamin, the means of the excretion levels were the same in those 
patients having sprue as in those having a vitamin deficiency, although 
both were well below that of the normal control group (Table 1). 

Pyridoxine. There were no significant differences in distribution 
or mean values of the 3 groups in the urinary excretion of pyridoxine, 
after the oral administration of 50 mg. (Table 1). 

Discussion. It is generallj^ recognized that single deficiencies are 
rarely if ever seen clinically. In sprue with the anorexia which regu- 
larly accompanies the disease, the diarrhea and interference with 
intestinal absorption, one would naturally expect multiple vitamin 
deficiencies to be present. The findings in this study confirm this 
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impression. One notes that patients with sprue are apt to have low 
values for the B-compIex and vitamin C. This is especially true of 
thiamin and riboflavin. However, the nicotinic acid levels in the 
patients with sprue were a little above those of the 24 patients classified 
clinically as having a vitamin deficiency. A possible explanation of this 
finding might lie in the fact that in sprue there is marked wasting with 
destruction of body tissues, and this would afford a certain amount of 
nicotinic acid for utilization bj'^ the body. 
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The striking difference, however, between the sprue patients and the 
patients having clinically a B-complex deficiency is in the vitamin A 
and carotene levels. Here we see that the plasma level of vitamin A 
is much lower than in the deficiency group and that the depletion of 
carotene in the blood plasma is even more striking. This is to be 
expected, since it is known that fats are poorly absorbed in sprue, 
and vitamin A and carotene being fat-soluble are lost as a result. 
It might be suggested that the diarrhea alone is responsible for these 
low levels. However, a comparison with patients having amebic 
dysentery shows that such is not the case. The mean of the plasma 
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vitamin A in 8 patients having amebic dysentery was found to be 91 
international units, which is within normal limits, and almost twice that 
of the sprue patients, which was found to be 50 LU. The same marked 
difference is noted in the carotene levels. In the 8 patients having 
amebic dysentery the mean was 141 I.U. as compared with a mean 
of 50 I.U. in the sprue group. This would suggest that carotene is ab- 
sorbed chiefly in the small intestine. Likewise there is a striking differ- 
ence between the carotene and vitamin A levels in sprue as compared 
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with those in pernicious anemia. In 8 patients having pernicious 
anemia, the mean for vitamin A was found to be 83 I.U. and that of 
carotene 164 I.U. as compared with a mean of 50 I.U. in both vitamin A 
and carotene in the sprue group. The determinations of plasma vita- 
min A and carotene are relatively simple procedures and can be 
carried out in any well-equipped laboratory. The striking differences 
in the distribution and means of vitamin A and carotene suggest that 
these determinations may prove helpful not only as an aid in the 
diagnosis of sprue, but also in distinguishing it from pernicious anemia. 
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Conclusions. 1. Multiple deficiences of the B-complex are the rule 
in patients having sprue. 

2. The plasma levels of vitamin A and carotene in patients having 
sprue are significantly lower than the levels of normal individuals, as 
well as those of patients who have clinical evidence of a B-complex 
deficiency. 

3. The determination of the plasma levels of vitamin A and of caro- 
tene is a useful laboratory procedure in the recognition of sprue. 
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Filariasis (bancrofti) is a widespread disease occurring in tropical 
and subtropical countries of both the eastern and western hemispheres. 
It is prevalent in the Pacific Islands, southern Asia, Africa, the West 
Indies, and along the northern coast of South America. 

Our present concept of the disease begins with the discovery of micro- 
filariae in the hydrocele fluid of a resident of Cuba by Demarquay 
(see. Belding*) in 1863. In 1866, Wucherer recovered microfilariae 
from chylous urine and 10 years later Bancroft isolated an adult worm 
from a lymphatic associated with a filarial lesion of the arm. In 1878, 
Manson described the life cycle of the filaria with the mosquito acting 
as the intermediate host.^® In more recent years, extensive studies 
have been made by Bahr,i O’Connor,'® and Buxton^ of the disease as 
it occurs in the Pacific islands. The early manifestations of filariasis, 

* We regret the delay in publication of this article, which apparently left the hands 
of the authors last July and reached ours in March. — Editor. 
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as seen in the Armed Forces of the United States, have been described 
recently by Dickson ei al* 

The, life Cycle of Wuchereria Bancroft!. WiicJtereria bancrofti is a 
species of nematode (Order — Spirurida; Sub-order — Spirurina; Super- 
familj'— Filarioidea; Family— Dipetalonematidea; Genus— Wucher- 
eria). 

Man is the only known definitive host. Microfilariee circulate freely 
in the peripheral blood of certain infected persons. The intermediate 
host is a mosquito* which aspirates the microfilariaet while sucking 
blood from an infected person. Metamorphosis takes place in the 
mosquito, being completed in a minimum of 8 to 9 days. During this 
time the larvm have burrowed through the intestinal wall to the 
thoracic muscles, then to the proboscis where they are in the infective 
stage and from which they escape to a new definitive host. The 
mature larvae break out of the tip of one or the other of the two labellas 
which form the end of the labium. They are probably incapable of 
penetrating normal skin but enter the subcutaneous tissues through 
the wound left bj' the mosquito. They enter the Ijnnphatic where 
they mature into adult sexual forms. The maturation period takes 
from 3 to 12 months. The production of microfilarice requires the 
fertilization of an adult female by an adult male. The microfilarise 
thus produced enter the blood stream either by way of the thoracic 
duct or by penetrating the lymph spaces and entering the small vessels 
in the vicinity. 

Clinical Syndrome. This series to be reported consists of 62 cases in 
which a diagnosis of filariasis bancrofti f was made, (hdany more 
cases have been seen with symptoms and physical signs suggestive of 
such a diagnosis, but these cases are not included in the series.) All 
the patients reported were exposed to filariasis for 364 days. 

The clinical eases may be divided into 5 groups (Table 1). The 
number and anatomic location of the lesions is shown in Charts 1 
and 2. One or more case histories will be presented to demonstrate 
each group. Complete histories, and physical examinations were done 
but only tlie significant findings wdll be recorded. In the early cases 
demonstrating genital immlvement, elaborate confidential question- 
naires were prepared and repeated urine specimens and prostatic 
smears were examined to rule out venereal infection. 

Case Abstracts. Case 1 . Age 22. Eight months after leaving an island 
in the South Pacific, this patient noticed discomfort in his left testicle. This 
gradually became more severe and radiated up the left spermatic cord to the 
left groin. On the morning of the 3rd day after first noticing the pain, the left 

* Although Culex ^inquefasciatus {Cvlex and Aedes sciiielldTis pseudoscu~ 

tellaris (.Agdes tariegaius) are probably the most important, metamorphosis has been 
observed in at least 41 species of mosquitoes, including Anopheles and Mansonia. _ 

t Investigators’ have found that 3 microfilari® per c.mm. wll produce optimal infes- 
tation, that 0.5 •will fail to infect, and that 10 -will kill the mosquito. Bachman found 
that 84% of 665 Cvlex fatigans were infected with an average of 4 larv® following a blood 
meal with a concentration of 1.75 microfilariae per c.mm. 

f It is assumed that the parasite concerned was Wnchereria bancrofti. The appear- 
ance of the microfilariffi and the fact that this species is endemic on the island where the 
troops were stationed substantiated this view. 
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“testicle” became swollen and the patient was admitted to the hospital. 
Examination of the genitalia revealed a definite thickening of the spermatic 
cord and a nodular, tender enlargement of the epididymis on the left side. 
The right and left inguinal and the left axillary lymph nodes were enlarged. 
On the 3rd day following admission, a hydrocele of moderate size was present. 
This gradually subsided. On the 4th day, there was edema of the scrotum. 
A painful and tender red streak was also visible m the left abdominal wall 
extending diagonally from the costal ma,rgin to a point just below and lateral 
to the umbilicus. The lymphangitis disappeared in 2 days but the scrotal 
edema persisted for 5 days. During his illness, this patient complained of 
pain radiating down the mesial aspect of the upper third of both thighs. 

Table 1. — Clinical Classification of Early Filariasis 

No. of 


Qroup Clinical manifestations cases 

I Cases characterized by genital manifestations 47 

II Cases characterized by superficial lymphangitis of the 13 

extremities 

III Cases characterized by multiple lesions 16* 

IV Cases suggestive of involvement of the deep lymphatics If 

V Asymptomatic cases with microfilari® in the blood 1 

Total: 62 


* Not included in the total. When multiple lesions occurred, the first to appear is 
recorded in the group classification. 

t This case is referred to elsewhere as “doubtful” but is included in the series to 
complete the clinical classification. 



Chart 1. — Number of patients in each clinical group. 
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Chart 2. — Anatomic location of lesions by clinical groups. 


At the time of evacuation from the combat zone 29 days after admission, 
slight thickening of the spermatic cord and epididjunis was still present. 
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Lahorat-ory Studies. Reiieated urinalyses were negative; differential leuko- 
cyte count showed 6% eosinophils; venous blood concentrated and examined 
for microfilarim was negative. 

This case demonstrates the typical, mild genital involvement classified in 
Group I, In addition, it is the only case presented demonstrating multiple 
lesions (Group III). 

Case 2. Age 27. Tour months after leaving the endemic area this soldier 
developed a pain in the left lower quadrant of the abdomen following heavy 
manual labor. During the night the pain radiated down the spermatic cord 
to the testicle. The next morning, swelling of the left “ testicle" was noticed. 
Examination showed tenderness, and thickening of the leh spermatic cord and 
epididymis. A small hydrocele was noticed. One large left inguinal lymph 
node was palpable. The pain continued. The hydrocele increased in size 
and was aspirated on the 3rd day for the relief of symptoms. After the 
7th da}', the pain subsided. The genital swelling decreased slowly until when 
last seen only slight thickening of the spermatic cord and epididymis remained. 

Laboratory Studies. Repeated urinalyses were negative; differential leuko- 
cyte counts showed 7 % eosinophils. Examination of the fluid aspirated from 
the hydrocele showed no microfiiarijc. A microfilaria was found at 10:30 p.m. 
on the 3rd day of hospitalization, in the peripheral blood (cover-slip technique). 
Repeated examinations throughout 24-hour periods thereafter failed to dem- 
onstrate microfilarias. This is the only case of the sj'mptomatic cases show- 
ing microfilaria in the blood. Tiie genital manifestations are typical of 
Group I. 

Case 3. — Age 25. Two months after leaving the endemic area, this soldier 
developed a pain in the mesial aspect of the right arm. He was admitted to 
the surgical ser\dce of the hospital with a diagnosis of acute lymphangitis- 
cause undetermined. No abrasion or infection could be found to account for 
the lesion. The right axillary lymph nodes were large and tender. Within a 
week the patient was well. Six months later, the patient became aware of a 
painful and tender “lump” in the right axilla. The following day, pain 
radiated from the "lump” down the mesial aspect of the arm and within 
24 hours a red streak was visible from the axilla to the midpoint of the antero- 
mesial aspect of the arm. The patient was admitted to the hospital. On 
the 3rd day from the onset of the symptoms, examination revealed a diffuse 
swelling of the mesial aspect of the right arm. A red streak was visible. On 
palpation, a firm “cord” could be felt underlying the streak. There was 
increased local heat. The axillary lymph nodes were enlarged and tender. 
Three distinct nodes could be palpated. _ The patient could put his finger 
on the particular node which gave rise to his first symptom. The epitrochlear 
l}nmph nodes were palpable on both sides. Two days after admission, the 
right axillary lymph node indicated by the patient as the source of his pain 
was removed for biopsy. A live adult filaria was found in the node. 

During the next week, the lymphangitis progressed distally to the rvnsh 
By this time the signs previously present in the upper arm had disappeared 
except that the thickened lymphatic was still palpable. The patient was 
evacuated from the combat zone 17 days after admission. 

Laboratory Studies. Repeated urinalyses were negative; differential leuko- 
cyte count showed 4% eosinophils. Repeated examinations of the capillary 
and venous blood failed to show roicrofilariEe. _ j , • 

This case is typical of Group II, but is the only one in which an adult filaria 
was recovered. 

Case 4. Age 23. Seven months after leaying the endemic area, this 
patient developed a dull aching pain in the right side of the abdomen associated 
with occasional twinges of pain in the right testicle. The pain gradually sul> 
sided. Three weeks later he developed severe pains in the right flank which 
radiated down to the anterior aspect of the right thigh. _ The pain was aggra- 
vated by rising from the supine to the sitting position. An aching pain 
radiated down the mesial aspect of both thighs when the patient walked short 
distances. Examination revealed tenderness below the right costovertebral 
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angle which extended laterally to the crest of the ileum. The entire right side 
of the abdomen was tender to deep pressure. There was questionable thicken- 
ing of the right spermatic cord. Roentgen ray of the abdomen and lumbar 
spine was negative. 

Laboratory Studies. Repeated urinalyses were negative; differential leuko- 
cyte count showed 4% eosinophils; no microfilarise were found in the peripheral 
blood on repeated examinations. 

This case is representative of a considerable number of “doubtful” cases 
suggestive of deep lymphatic involvement, referred to in Group IV. It is 
included to complete the clinical classification. 

Case 5.— Age 25. Five months after leaving the endemic area, this soldier 
developed a shght transient pain in the left testicle. Examinations by one of 
us at that time revealed a small varicocele on the left side. The wearing of a 
suspensory was advised and the pain was relieved. Three months later, 
microfilariffi were found in the peripheral blood during a survey of asympto- 
matic patients exposed to .filariasis. Specific questioning revealed that for 
the past 3 days the Soldier had noted a transient needle-like pain in the right 
testicle but it was so slight that he disregarded it. Examination of the genitalia 
was negative except for a varicocele on the left side. The right and left 
inguinal, the left axillary and the left epitrochlear lymph nodes were enlarged. 
The patient was hospitalized for observation. That night he noticed a dull 
aching pain in his right testicle, and the following afternoon it radiated up the 
spermatic cord to the right lower quadrant of the abdomen. Three days later 
he complained of a similar symptom in the left side. At this time the physical 
findings were not impressive but there was slight thickening of both spermatic 
cords. The pain in the right side disappeared promptly but persisted on the 
left side. Ten days later, definite thickening and induration of the left sper- 
matic cord and epididymis could be demonstrated. The manifestations 
gradually subsided. 

Laboratory Studies. Repeated urinalyses were negative; repeated differen- 
tial leukocyte counts showed a mean eosinophilia of 7%. The results of 
smears taken for microfilaria are indicated in Table 2. 

Table 2. — Results of Examination for Microfilaria in Case 5 

1st day: 10 a.m. (survey) — 9 microfilarite per drop (cover glass technique) 

12 NOON — no microfilaria (cone, specimen) 

I p,M. — no microfilaria (cone, specimen) 

3 P.M. — no microfilaria (cone, specimen) 

6 P.M. — no microfilaria (cone, specimen) 

9 P.M. — 1 microfilaria per drop (cone, specimen) 

II P.M. — no microfilaria (cone, specimen) 

2nd day: 13 cone, specimens examined; all negative 

3rd-6th days: 3 cone, specimens examined; all negative 

7th-28th days: 1 cone, specimen examined; negative 

This case represents Group V because at the time microfilarise were found 
the patient had not complained of any discomfort and showed no positive 
physical manifestations. 

Laboratory Studies. Material. On 50 of the 62 clinical cases presented, 
laboratory studies were fairly complete. These included complete blood 
counts, frequent differential leukocyte counts, examinations of the blood, 
aspirated fluids and urine for microfilariae. Histopathologic and bacteriologic 
studies were perfonned on several lymph nodes. Bacteriologic studies were 
also made on aspirated fluids, blood and urine. Feces were examined for 
intestinal parasites and ova, the urine for chyluria. Skin tests were made on 
some patients. Examinations of the blood for microfilariae and differential 
leukocyte counts were also made on 142 asymptomatic soldiers who were 
exposed to filariasis. 

Methods. 1. Examination for Microfilarix. The technique found to be 
most satisfactory in searching for microfilariae vuU be described in detail: 
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(а) IJnconcentrated preparations are made by placing a drop of blood on a 
cover-slip; another cover-slip is superimposed and pressed gently until the 
blood IS spread evenly on both slips. These are pulled apart quickly and 
placed blood down on a glass slide. They are examined as " wet ’’ preparations 
under the low power objective. A moderately thin preparation will facilitate 
the finding of microfilaria. 

(б) Concentrated “wet” preparations are made by mixing 20 cc. of venous 
blood in_a solution consisting of 100 cc. of 5% formalin, 5 cc. of 2% glacial 
acetic acid, and 1 cc. of 1% safranin. This is centrifuged for 2 hours. The 
supernatant fluid is removed and the residue examined as in (a) . When a large 
number of specimens are to be examined, it is more convenient to concentrate 
only 2 cc. of blood in 10.5 cc. of fluid. These preparations keep well for 
several weeks. 

(c) Stained thick smears are prepared by spreading a large drop of blood on 
a glass slide. _ The smears are dried for several hours and then laked in 0.01 % 
saponin solution for 20 minutes. These are stained with diluted Wright's 
stain (1 cc. diluted rvith 45 cc. distilled water) for 1 hour; The smears are not 
washed or blotted. Concentrated sediment from urine and aspirated fluids 
are examined in the same way. 

2. Examination for Adult Filarix. A search was made for adult filarias 
by gross, microscopic and roentgenographic examinations of lymph nodes and 
Ijnnph vessels. The lymph nodes were either sectioned and gently teased 
apart under a hand lens, or were bisected and placed in normal saline solution 
at 40° C. Histopathologic sections of these nodes were examined. Roent- ’ 
genograras for the detection of calcified adult filarirc were made in several 
instances. 

3. Skin Tests. The technique of skin testing will be considered under the 
discussion of skin tests. 

Positive Diagnostic Laboratory Observations. 1. Microfihrise. Of 
266 soldiers examined, only 2 were found witli microfilarim. Actually 
this represented over 2000 preparations examined at various periods 
during the day and night. Both were found on unconcentrated cover- 
slip” preparations. Identification was made under the low power ob- 
jective. On a “wet” preparation, the microfilarise varied from 80 
to 300 p in length and 8 to 12 p in widtii. They were gracefully curved, 
had bluntly rounded ends anteriorly, wdiile the posterior third of the 
body tapered to a point. In 1 instance, an oscillating motion was 
observed within the sheath. This was not observed in others, although 
in some there was a sluggish bending motion of the posterior third of 
the body for a short time. On high power magnification several uni- 
form, round, evenly spaced nuclei dispersed through the anterior three- 
fourths of the body were observed. Staining bj'^ Wright’s stain wms 
weak and only the nuclei were clearly defined. 

2. Adult filarise. Eight lymph nodes were examined for adult filarias. 
In only 1 instance was a worm found. It was obtained by placing a 
bisected lymph node in normal saline solution at 40° C.; the 'live 
worm appeared on the cut surface of the gland. It was creamy white 
and smooth in appearance. Under the low power objective it was 
found to be curled on itself several times. It was estimated to be 
30 mm. in length and 0.1 mm. in width. A bluntly rounded anterior 
end and a simple cylindrical esophagus could be identified. 

Other Laboratory Observations. 1. Hematologic Studies. Red blood 
cell counts and hemoglobin were within normal limits. The average 
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leukocyte count was 6000 to 8000. The differential leukocyte counts 
were within normal limits except for eosinophils. An eosinophilia of 
9 % or more was considered abnormal. 

In a survey of 509 soldiers studied at the hospital during a period 
of 8 months, all of whom had been stationed in the tropics 16 months 
or more, it was found that 269 (Group A) had been exposed* to filari- 
asis and 240 (Group B) had been stationed on filarial-free islands. 
In Group A, 50 (18.5%) were found to have eosinophilia; in Group B, 
only 13 cases (5.4%) had this finding (Table 3). Group A was divided 
into Sub-group o— those with manifestations of filariasis, and Sub- 
group 6— those who had no manifestations of filariasis. Analj^sis re- 
vealed that 33 (24.2%) of 136 soldiers constituting Sub-groUp a had 
eosinophilia, while 17 (12.7%) of 133 patients in Sub-group b had this 
finding. The per cent eosinophilia varied from 9 to 36% (Table 4). 
Sub-group a was further divided into Sub-group a-1, those with 
clinical filariasis, and Sub-group a-2, those with minimal or doubtful 
manifestations of the disease. Seven (14%) of the 50 cases constitut- 
ing Sub-group a-1 had eosinophilia, whereas 26 (30.2%) of the 86 cases 
in Sub-group o-2 had this finding (Table 5). Chart 3 correlates 
graphically the findings outlined in Tables 3, 4 and 5. 

Table 3. — The Incidence of Eosinophilia in Soldieks Stationed in the 
Tropics 16 Months or More 

Cases with 

• eosinophilia eosinophilia 

Group No. ( 9 % or above) (%) 

A. Exposed to filariasis . . . 269 50 18.5 

B. Not exposed to filariasis . . 240 13 5.4 


Table 4. — The Incidence of Eosinophilia in Soldiers Exposed to Filariasis 

Eosinophilia 

Sub-group No. Cases % 

A. Soldiers with manifestations of filariasis . . 136 33 24.2 

B. Soldiers without manifestations of filariasis . 133 17 12.7 


Table 5. — The Incidence of Eosinophilia in Soldiers With Filariasis 


Eosinophilia 

Sub-group No. Cases % 

a-1. With clinical filariasis 50 7 14.0 

0 - 2 . With minimal or doubtful filariasis ... 86 26 30.2 


The above data suggest: the incidence of eosinophilia (9 % or above) 
is signfficantly greater in soldiers exposed to filariasis as compared to 
those living in the tropics but not exposed to the disease. In exposed 
troops with manifestations of filariasis, tlie incidence of eosinophilia is 
greater than in those with no evidence of the disease. It is of interest 
that the incidence of eosinophilia in those with minimal or question- 
able filariasis was twice as great as in those with frank clinical manifes- 
tations of tlie disease. 

* "Exposure” in this study implies continued residence in an endemic filarial area for 
ooo days. 
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2. Hisiopaihologic Examinations. Eight lymph nodes and 2 hyper- 
trophied lymphvessels removed from patients with filariasis were exam- 
ined histologically. Some will be described in detail; 

(a) Patient A. Patient noticed a painful swelling of his right arm which 
receded promptly. The right axillarj^ and epitrochlear lymph nodes were 
enlarged. Differential leukocyte count revealed 3% eosinophils. 



Chabt 3. — The incidence of eosinophilia (9% or more). 

The lymph node vessel removed for examination revealed an irregular mass 
of fibro-fatty tissue 0.8 x 0.5 x 0.3 cm. in size. Serial- microscopic section 
showed multiple focal areas of necrosis were present. Some of these areas 
were hyalinized, filled vith degenerating cellular debris and surrounded by 
neutrophils. The reticulum and lymph channels contained many eosinophils 
and neutrophils. The lymph vessel showed mflammatory thickening of the 
walls. Impression: acute focal lymphadenitis. . , , . , 

(6) Patient B. A few months prior to admission to the hospital the patient 
noticed enlarged left axillary lymph nodes. He was admitted because of ps.in 
and a swelling on the mesial side of his left arm. Withm 2 days, redness, heat 
and swelling of the entire mesial aspect of the left arm and forearm were 
present. A red nodular palpable lymphatic extended from the axilla down 
the mesial side of the arm and across the antecubital fossa. The left epi- 
trochlear lymph node was readily palpable. Differential leukocyte count 
revealed 8% eosinophils. After the acute process had subsided, the left epi- 
trochlear lymph node and a portion of the lymphatic vessel 'WCTe removed. 

Gross examination revealed a discrete lymph node 1 x 0.5 x cm. m size. 
The cut surface was grayish white and cellular in appearance. The lymphatic 
vessel was a thin fibro-fatty cord 6 cm. in length and 0.3 x 0.5 cm. in diam- 
eter along which were many small oval firm nodules. Histologic sections ot 
the node revealed acute and subacute inflammatory changes, characterized by 
focal hyaline necrosis and diffuse eosinophilic infiltration through the reticu- 
lum. Neutrophilic infiltration, especially in the _ pale centers, in sonie places 
was quite dense. There was edema, eosinophilic, _ plasma cell, and lympho- 
cytic infiltration of the pericapsule. The lymphatic vessel showed mnamma- 
tory reaction and early fibroblastic proliferation. The attached Ipnph nodes 
were unrlorgoimr the same changes as the epitrochlear node. In addition, 
areas of ii'oroiil.'o-lic proliferation were present in these glan^ as well as 
the periglandular connective tissue. Impression: subacute lymphadenitis. 

(c) Patient C. (Refer to Case 1.) A lymph node from the left ingumal 
region was removed for biopsy. Gross examination revealed a lymph node 
1.5 X 1 X 0.5 cm. in size. The cut surface was grayish white and cellular. 







EARLY FILARIASIS (bANCROFTI) IN AMERICAN SOLDIERS 215 


Microscopic sections showed an inflammatory reaction characterized bj'- diffuse 
infiltration of the reticulum with eosinophils which in some areas appeared 
in dense clumps. In other places the lymph sinuses contained many neutro- 
phils. The lymphoid foUicles and germinal centers were large and hyper- 
plastic. The pericapsular connective tissue was edematous, infiltrated with 
many eosinophils and plasma cells and showed early fibrosis. Impression: 
subacute lymphadenitis with benign lymphoid hyperplasia. 

Id) Patient D. This patient developed a painful swelling of the right 
epididymis and spermatic cord 3 months after leaving the endemic area. A 
firm nodule was palpable in the thickened spermatic cord about 2 inches 
proximal to the epididymis. The differential leukocyte count revealed 4% 
eosinophils. The nodule was removed for study. 

Gross examination of the specimen revealed a lymph node 4 cm. in diameter. 
The cut section revealed a hard, slightly raised area measuring 4 mm. in length 
and 2 mm. in width. Roentgenograms of this node demonstrated a “comma- 
shaped” area of calcification. A broad zone of inflammatory reaction con- 
sisting mainly of epithelioid cells and Langhans giant cells surrounded the 
necrotic tissue. There was marked eosinophilic infiltration. Scarring, round 
cell infiltration, and increased vascularity were present at the jieriphery. 
A few dilated endothelial lined spaces, probably lymphatics, were seen. Im- 
pression: chronic granuloma with necrosis and calcification. 

(e) Patient E. This patient was admitted to the hospital because of large, 
tender axillary lymph nodes on the right side. One node was removed for 
biopsy. At the same time a punch biopsy was taken from a right inguinal 
node. Four days later he developed acute centrifugal lymphangitis of the 
right arm which was associated ivith the development of a large discrete tender 
axillary node on the affected side. 

Gross examination revealed a lymph node 1.2 x 0.8 x 0.5 cm. in size. The 
cut surface was pale and cellular. Microscopic examination was marked by 
infiltration of the reticulum and lymph sinuses with eosinophils, plasma ceUs 
and polymorphonuclear leukocytes. Focal areas of necrosis were present. 
The stroma was very vascular. There were isolated areas of fibroblastic 
proliferation and for the most part the lymphoid follicles were large and hyper- 
plastic. Impression: subacute lymphadenitis with benign lymphoid hyper- 
plasia. 

Other investigators have had greater success in finding adult filaria 
in biopsied Ijonph nodes. Dickson® found filarim in 6 of 14 lymphatic 
tissues from Marines with clinical filariasis. O’Connor^^ has stressed 
the eosinophilic infiltration and early fibroblastic proliferation seen in 
enlarged lymph node of patients with filariasis. This is not dependent 
on the presence of an adult filaria in the node but is probably allergic 
in nature. 

Our findings are comparable to this description. Eosinophilic infil- 
tration was the most constant finding. The additional findings -of 
fibroblastic proliferation, focal necrosis and hyalinization further sug- 
gest that the changes are due to an allergin rather than a bacterial 
infection. 

3. Skin Tests. In early cases of filariasis because microfilariae are 
seldom found in the blood and the demonstration of adult filariae is also 
difficult, the development of a satisfactory cutaneous test would be of 
great aid in the diagnosis of this disease. Fairley® has reported 
favorably on an intracutaneous test made from an extract of dog heart 
worm, Dirofilaria immitis, which is closely related to W. bancrofti. 
Mohr and Lippelt® have shown this test may also be positive in the 
presence of other nematodes. A complement-fixation test using an 
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extract of Contorlos-picxihm rhex, a filaria found in South America, 
may be more specific for filariasis. They report a small percentage of 
false positives. Dickson/ using an extract of the D. immitis, reports 
over 80% positive intracutaneous tests in patients with early filariasis 
and 4.7 % positive tests in patients who have lived for several months 
in areas where filariasis is endemic. They described a positive test 
as one characterized by an immediate wheal reaching a diameter of 
15 mm. or more, and by an edematous reaction occurring within 
24 hours, measuring at least 20 mm. in diameter. Delayed reactions 
were recorded as doubtful. 

As we were unable to obtain an extract of the Dirofilaria, an antigen* 
was made from an epitrochlear Ij-mph node removed from a patient 
with filariasis manifested by superficial lymphangitis of the arm and 
who had an eosinophilia of 17%, No adult filaria was found in the 
node. The rationale for this was the possibility that allergy may play 
an important role in filariasis. It is reasonable to postulate that the 
allergen from the adult filaria may be present in sufficient concentra- 
tions in enlarged l3^mph nodes so that patients sensitive to a common 
allergin would react, Lippelt and Mohr® have shown that in Ascari- 
asis, the antigen was derived from the products of metabolism of the 
worm, rather than from the worm itself. If this is true in filariasis, 
this test could be valuable, provided there is sufficient concentrations 
of ''metabolic substances" in affected Ij'^mph nodes. The Ij'mph node 
was digested with 0.6% pepsin in 0.3% hj’drochloric acid at 37° C. 
for 12 hours. It was strained and diluted with an equal amount of 
normal saline solution and permitted to stand until the supernatant 
fluid was clear. This was removed and the residue treated with ace- 
tone and ether until a powder was obtained. It was preserved in a 
sufficient amount of 0.4% phenol in normal saline solution to make a 
1 :20 dilution. Eleven patients with clinical filariasis and 15 patients 
not exposed to the disease were tested bj"^ injecting 0.1 cc, of the solu- 
tion intracutaneousl}'. A control consisting onlj’' of menstruum was 
injected simultaneously. The test was considered positive when an 
er^^thematous wheal at least 0.5 cm. in diameter appeared within 
36 hours. These positive reactions resembled a weaklj'^ positive Schick 
test. Of 11 patients with clinical filariasis, 7 (64%) showed positive 
reactions varying from 0.5 to 2 cm. in diameter. All controls were 
negative. There was no relation of the degree of eosinophilia to the 
intensity of the reaction. The intracutaneous reactions could in no 
waj'^ be compared to the reaction attributed to the extract of 21. immitis. 
Because adult filariae were not found in the gland, this experiment 
cannot be regarded as a specific test. However, it suggests that these 
patients were more or less sensitive to a common allergin present in an 
enlarged lymph node from a patient with early filariasis. 

4. Other Pertinent Data. Repeated urine examinations for chylmia 
were done in all cases. Feces were examined to eliminate intestinal 
parasites as a cause for eosinophilia. Other common causes for 

* This Emtigen -was prepared by the method described by Sawitz for making Trichi- 
nella antigen.' 
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eosinophilia were excluded. Bacteriologic studies were done on 
biopsied lymph nodes and on aspirated fluid from lymph nodes, hydro- 
celes, and a prepatellar bursa. Blood cultures and urine cultures were 
done on several patients. Pathogens were not obtained in any in- 
stance. The aspirated fluids were examined for microfilarise but none 
were observed. 

Discussion. It is to be kept in mind that this paper deals only with 
the early manifestations of filariasis. These lesions are due in some 
way to the presence of adult filarise. 

The manner in which adult filarise produce the clinical manifestations 
is uncertain, but the following hypotheses deserve consideration: (1) 
Mechanical obstruction of lymphatics. (2) An allergic response to the 
living or dead adult filarire or their products. (3) The discharge of 
microfilarise by the fertilized adult female. (4) Secondary infection. 

Bahr, Buxton and others have observed that microfilarise disappear 
from the blood during an attack of acute lymphangitis. This has been 
demonstrated in clinical Case 5 of our series. If obstruction plays a 
part in this phenomenon, it follows that the adult filaria causing the 
obstruction is the one producing microfilarise at that time. Although 
this may be the case in early or minimal infestation, it seems unlikely 
in advanced cases. Some of the lymph nodes and both of the Ijonph 
vessels which we removed for study showed fibroblastic proliferation 
and the lymph vessels were greatly thickened. This proliferative 
response to filariag has been observed by Lane,^ and could readily be a 
factor in obstruction. In addition the retrograde nature of the lesions 
suggest that there is some Ijonph stasis in the involved vessel. Con- 
trary to the theory of obstruction, is the fact that in practically all 
parts of the body lymphatic anastomosis is very rich. 

There is considerable evidence that allergy plays an important role. 
The very nature of the superficial lesions suggests an allergic response. 
The blotchy redness of the skin and the lack of severe constitutional 
manifestations in the presence of an acute inflammatory reaction are 
characteristic of allergy. The eosinophilic response as observed in the 
peripheral blood and the biopsied specimens is strong evidence in sup- 
port of this theory. The allergin may be present in the living adult 
worms or be a product of their metabolism. The fact that many 
investigators, including ourselves, have found living worms in Ij'^mph 
nodes proximal to the affected parts, substantiates this. In contrast 
to this, O’Connor has shown that there is a more marked reaction 
around dead than living filariee. The allergin may be produced by the 
disintegration of dead worms. No dead worms were found in this 
study. A high per cent of soldiers exposed to filariasis had eosino- 
philia. It is difficult to attribute their allergic response to dead filarise 
because eosinophilia was observed also in those without manifestations. 
Eosinophilia was not present in all our clinical cases. The eosinophilic 
response to an allergin varies with the individual. In no disease in 
which eosinophilia is a characteristic response, would one expect to 
find it in every case. 

" That the acute manifestations of filariasis are not due to the sudden 
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release of large numbers of microfilariae from the blood during acute 
attacks, and the fact that microfilariae may be present in large numbers 
in the peripheral blood without causing symptoms, is sufficient evidence 
to cast grave doubt on such a theory. 

The theory that the acute manifestations are caused by secondary 
bacterial infections is supported by the work of Grace,® who was 
successful in isolating beta-hemolytic streptococci in pure culture from 
the blood stream and the local lesions. The bacteriologic studies which 
we carried out, although incomplete, failed to demonstrate the presence 
of pathogenic organisms. It should be pointed out that the work of 
Grace and others regarding secondarj’' infection has been done on 
natives, in whom the filarial infestation could be regarded as in a 
“late” stage. In such advanced cases, especially those with elephan- 
toid lesions, secondary infection probably does play a part. Our 
studies suggest tliat the lymphangitis of early filariasis is an allergic 
response to a protein present in an adult filaria or a product of its 
metabolism. The response is manifest along a lymphatic which has 
been damaged or partially obstructed by adult filariie or by the reaction 
to them. 

The native term “mumu” is used extensively in the South Pacific 
Islands to describe both the acute lymphangitis described by Grace 
and the lymphangitis seen in early cases. The term is an ambiguous 
one that does not differentiate the bacterial from the bacteria-free 
lesions. The early lesions of filariasis are best demonstrated as they 
occur in clinical Group II, These lesions are superficial ; the lymphatics 
are visible and drain into lymph nodes that are generally accessible for 
biops3^ 

The manifestations depend on the location of the particular lymph 
node in which the adult filaria responsible for the reaction is located. 
Thus if the adult filaria is located in certain pelvic or peri-aortic lymph 
nodes, the genital manifestations of Group I result. If the worm is in 
a lymph node draining the superficial lymphatics of the^ extremities, 
the manifestations will be those of Group II. Similarly if the lymph 
node affected is one draining a deep Ijonph vessel where the reaction 
cannot be seen or felt, the diagnosis is not evident as in Group IV. 
The important fact is that the clinical manifestations will depend on 
the site of the node in which the adult filarife causing the manifestations 
are located. 

The clinical manifestations seen in Clinical Groups I and II are so 
typical and constant that the diagnosis on a clinical basis is seldom in 
doubt. The diagnostic criteria are outlined as follows: 

o. Involvement of the Genitalia. 1. It frequently follows manual 
labor. 

2. Testicular pain is the most common complaint. 

3. The pain may radiate up the spermatic cord or may first appear 
in the lower quadrant of the abdomen and radiate down the spermatic 
cord to the testicle.* 

* In 1 of our patients, right lower quadrant pain was present for 1 month before more 
definite manifestations were e\'ident. A cigar-shaped tumor caused by the enlarged 
spermatic cord as it traversed the inguinal canal was seen the day prior to epididymal 
involvement. This demonstrates the centrifugal nature of the lesion. 


EARLY FILARIASIS (bANCROFTI) IN AMERICAN SOLDIERS 219 

4. The spermatic cord and epididjnnis are thickened and indurated. 

5. An, acute hydrocele is frequently present during the early stages. 

6. Pain in the upper mesial aspect of the thigh on the affected side 
may be present. 

7. Scrotal edema may also be present. 

‘ The most constant physical sign is the edema of the spermatic cord 
without involvement of the vas deferens. In the acute stages of the 
disease it is sometimes difficult to identify the structures of the cord 
on digital examination, but as the inflammation subsides, one is 
always able to demonstrate that the involvement does not affect the 
vas deferens. 

b. Involvement of the Superficial Lymphatics of the Extremities. 1. 
Pain in the extremity radiating distally is the principal complaint. 
This pain may first be noticed in the proximal lymph nodes. 

2. The extremity affected soon becomes edematous. 

3. A definite "red streak” characteristic of acute lymphangiitis 
appears proximally. The affected lymphatic is palpable, and gener- 
ally only a single vessel is involved. 

4. There is increased local heat. 

5. The lesion extends centrifugally. 

6. Resolution begins proximally and also extends centrifugally. 

7. The lymph glands draining the affected part are enlarged and 
tender. 

8. Severe constitutional manifestations are absent. 

9. There is no evidence of a focus of infection distally. In Group IV, 
the manifestations follow no definite pattern. In the majority of 
cases, as in Case 4, the diagnosis is presumptive. In any patient 
exposed to filariasis, one must be constantly on the alert for manifesta- 
tions suggesting deep lymphatic involvement. By and large we have 
felt that the diagnosis of involvement of the retroperitoneal lymph 
nodes has been easier to recognize clinically than involvement of the 
deep lymphatics of the extremities. Pain in the flank or the abdomen, 
with radiation to the genitalia or the thigh is the principal complaint. 
Examination reveals tenderness of the abdomen on the affected side 
both anteriorly and posteriorly. In such cases it is necessarj’" to rule 
out renal or ureteral disease which these findings may simulate. The 
only complaint in patients thought to have involvement of the deep 
Ijonphatics of the extremities is pain, with peripheral radiation. Slight 
swelling may or may not be present. The differential diagnosis in- 
cludes skeletal, muscular and neurologic conditions. These are 
extremely difficult to rule out and in only few instances have we felt 
that this has been done to our entire satisfaction. 

The absolute laboratory proof of filarial infestation depends upon 
the finding of either adult or microfilarise. The difficulty of finding 
microfilariae in these early cases cannot be overemphasized. Of 251 
clinical cases reported by Dickson, in none were microfilarige found*. 
We were more fortunate in finding them in 2 instances (Cases 1 and 5).* 

* The fact that only _1 microfilaria was observed in Case 1 left some doubt as 
to the significance of this finding. In Case 6, however, microfilarias were observed 
on 2 occasions in appreciable numbers. 
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In order to find an appreciable number of microfilariie in the peripheral 
blood, the total number present in the circulating blood must be 
enormous. When this occurs, it is probable that the microfilariie are 
being produced by more than 1 adult female. We can assume that 
the degree of filarial infestation in our cases is slight because of the 
relatively short period of exposure compared to residents of endemic 
areas. Therefore, because the number of adults is dependent on the 
number of larvie transmitted by the mosquito* and because the pro- 
duction of microfilarifB is further dependent on the fertilization of an 
adult female, the chances of microfilariEe being produced in these early 
mild cases are not great. Also, as the microhiarire may disappear with 
the onset of clinical manifestations, the chances of finding them in the 
early clinical cases are lessened. 

The finding of adult filariae in Ijraph nodes has also been difficult in 
our cases. The lymphangitis of early filariasis characterized by centri- 
fugal progression must be due to the presence of an adult filaria in a 
Ijrmph node at the proximal end of the involved lymphatic. In clinical 
cases, where the involved Ij'mph node is accessible for biopsy, it is 
imperative to select the correct node if one is to find filariae. We 
believe that most of our biopsies were poorly selected. This probably 
accounts for the low incidence of adult worms recovered by us. In 
Case 3, the selection of the correct node for biopsy was obvious because 
the patient could put his finger on the axillary “lump” which caused 
his earliest symptom. In the remainder of the Ijonph nodes taken 
for biopsy (described under laboratory studies) a review of the 
histories and physical findings, suggests that in each case the node 
selected for biopsy was not the ideal one from which to recover filari®. 
Although the recovery of adult filarise is impractical where the involve- 
ment is deep, if one is careful in the selection of the lymph node for 
biopsy wffiere the involvement is superficial, adult filarise should be 
found in a high percentage of cases. The histopathologic findings in 
the Ijunph nodes and vessels removed by us had in common areas of 
subacute inflammation with eosinophilic infiltration and did not re- 
semble the acute Ijonphadenitis caused by bacteria. This is a general 
eosinophilic response to an allergic process. 

The incidence of eosinophilia as shown in Table^ 3 leaves little 
doubt that the soldiers exposed to filariasis had a significantly greater 
incidence of eosinophilia than those not exposed. This difference in 
the 2 groups is of even greater significance because over one-half of 
the soldiers in Group B (those not exposed to filariasis) were found to 
have systemic disease commonly associated with eosinophilia (cutane- 
ous diseases, helminthiasis and so forth). 

The breakdown of Group A (soldiers e.xposed to filariasis) into sub- 
groups as shown in Tables 4 and 5 requires amplification.^ The 136 
patients in Sub-group a include the patients seen with definite clinical 

* The mortality of Ian's from the time they are deposited on the skin until they 
reach the lymphatics is great. The larvae are lymphotactic. Lymph exuded at the 
site of the mosquito bite transmits the larvte through the wound to the lymph spaces. 
Such a transmission is dependent on ideal conditions. 
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filariasis and also many others who had what is referred to in Sub- 
group a-2 as minimal or doubtful filariasis. The latter includes 
patients with such non-conclusive manifestations as vague testicular 
pain, history of recent previous swellings, vague pains in the extremi- 
ties with or without swelling, slight thickening of the spermatic cord, 
small hydroceles, and generalized unexplained lymphadenopathjL 
Because these findings alone were inconclusive, the high incidence of 
eosinophilia assumes significance. As shown in Table 5, this sub- 
group had the highest incidence of eosinophilia. This finding may 
represent a greater allergic response during the earliest clinical stages 
of the disease. Subsequent observations on these patients after evacu- 
ations to a General Hospital^ revealed that many of these patients 
developed typical clinical filariasis. In addition, skin tests done at 
this base, using an antigen made from Dirofilaria ivimitis, were positive 
in a majority of those exposed. 

Epidemiology. The soldiers we observed were all exposed to filariasis 
for 364 days. Typical clinical manifestations of the disease were seen 
in over 11% of those exposed. It is difficult to estimate the probable 
rate of infestation. New clinical and doubtful cases are still appear- 
ing, even though the troops have been away from the endemic area 
for 8 months. It is not unlikely that the rate of infection is well in 
excess of 50%. Thus in endemic areas even though the period of 
exposure is relatively short, there is considerable danger of acquiring 
the disease. In our clinical cases, the percentage with microfilarias is 
very small. As far as we know, no other investigators have reported 
the recovery of microfilariae from such cases. It is conceivable, how- 
ever, that many of these cases prior to the onset of clinical manifesta- 
tions have had microfilariae in their blood. Further observations are 
necessary to exclude the possibility of microfilariae appearing at a 
later date. 

Prognosis. The prognosis of these early mild filarial infestations 
cannot be definitely stated at this time. The local lesions are depend- 
ent on the number and location of adult filariae. It is probable that 
only a small percentage of the adults present cause manifestations. 
The lymphangitis, although frequently recurrent, does not leave any 
demonstrable permanent damage as far as we have observed. 

The end-result of extensive filarial infestations may be elephantiasis. 
However, even in the natives of endemic areas, the percentage that 
develop elephantiasis is very small. There is good evidence that such 
late manifestations are due to a secondary bacterial infection super- 
imposed on a damaged lymphatic system. 

In these early cases, therefore, when the exposure to filarial infesta- 
tions has been relatively short and the damage to the lymphatic sys- 
tem minimal, the prognosis appears to be good. The adult filarise 
present in the body may live for a number of years, but eventually die 
and become organized. 

Psychosomatic manifestations have been reported by Rome and 
Fogel.i= This was not a serious problem in the cases we observed. In 
retrospect, it is thought that this may have been avoided by individu- 
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ally reassuring those hospitalized and by instruction of all exposed 
troops by the commanding officer and the battalion surgeon. Emphasis 
was placed on the fact that no serious complication or permanent 
damage was likely to occur as a result of minimal filarial infection. 

Prophylaxis and Treatment. Spread of the disease by early cases 
must be considered. Further observation is necessary to determine the 
extent of this problem. Until such time as more data are available, all 
soldiers with a^ history of exposure to the disease in an endemic area 
should be considered possible carriers. 

Any troops going into filarial areas should have the advantage of 
specialized mosquito control. In addition, protection of the individual 
by the use of mosquito bars, head nets, leggings, long shirt sleeves, 
sprays and repellents is of great importance. Native villages should 
be “off limits” to all troops and, natives prohibited from entering 
bivouac areas. Camp sites should be chosen as far removed from 
native villages as is practical. 

Treatment of early filariasis consists of supportive measures. The 
lesions appear to be self-limited. During the acute stage, the patient 
should be hospitalized and the affected part put at rest. Mild anal- 
gesics are generally sufficient to control the discomfort. In some of 
our first cases the sulfonamide drugs were used but no change in the 
course of the disease was observed. Psychotherapy is essential in 
those patients who show undue concern regarding the final outcome 
of the disease. This has frequently been engendered by having seen 
natives with elephantiasis and by rumors of impotence and sterility. 

Prevention of reinfection is an important aspect of treatment. 
Those with clinical manifestations and others similarly exposed should 
be observed in filaria-free areas with adequate mosquito control. 

Summary and Conclusion, 1. A clinical diagnosis of early filariasis 
(bancrofti) has been made on 11% of a group of soldiers exposed to 
Wuchereria bancrofti on an island in the South Pacific for a period of 
364 days. 

2. The criteria on which a clinical diagnosis of early filariasis can be 
made has been outlined. 

3. The diagnosis has been proved by the finding of adult and micro- 
filariae. 

4. A clinical classification has been presented, based on the anatomic 
location of the lesion. 

5. A high incidence of eosinophilia occurred. Eosinophilic infiltra- 
tion and fibroblastic proliferation has also been noted in histopathologic 
studies. 

6. We believe that the early manifestations are due to an allergin 
present in, or produced by, living adult filariae and manifest along a 
lymphatic obstructed by the presence of, or the reaction to, the filarias. 

7. The clinical diagnosis is not dependent upon the finding of adult 
filarise or microfilarise. 

8. Clinical manifestations may be multiple and are subject to recur- 
rences. 
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9. The prognosis must be guarded but in the light of our present 
knowledge, it appears to be favorable if reinfection is prevented. 

10. The clinical cases responded well to supportive therapy. 

11. Some of the early cases may be carriers and rigid mosquito con- 
trol should be carried out until more is known regarding the status of 
these patients. 

We are indebted to Dr. G. A. M. Heydon, School of Tropical Medicine, University of 
Sydney, and to Col. Henry M. Thomas, Jr., M.C., A.U.S., for their suggestions; to 
Capt. Emmett B. Settle, M.C., A.U.S., for histopathologic examinations; to T/3 Richard 
Nohbe, T/3 Bernard Piper, and Cpl. Charles Crow and others in the laboratory service 
for their many hours of work beyond the call of duty. 
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The marked increase in the number of reported cases of tularemic 
pneumonia in the past several yearsi^-^ .37.47 indicates clearly that such 
frequent pulmonarj^ involvement is additional evidence of the general- 
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ized, S3'stemic nature of tularemic infections. In 1941, Blackford and 
CaseA^“ found 150 reported cases of tularemic pneumonia in the 
American literature and added 12 additional cases of their oivn. Up 
to September 1944, we, were able to collect 253 cases of tularemic 
pneumonia from the American literature. We propose herein to sum- 
marize the observations of 21 cases of tularemic pneumonia observed 
in the Charity Hospital of Louisiana at New Orleans. Six of these 
eases have been pre\douslj’- reported,-' thus we are reporting 15 addi- 
tional cases, bringing the total of collected cases of tularemic pneu- 
monia in the American literature up to 268. 

The first published reference to pleuropulmonarj" tularemia was 
apparentlj' that reported bj' Verbrj-cke®® in 1924, when he described 
in a patient djdng of tularemia a number of nodules in the lungs, which 
were the size of hickory'- nuts and had the appearance of metastatic 
carcinoma, accompanied bj*^ a pleural effusion of 100 cc. Whitish 
nodules on the pleura and distributed throughout the lungs were 
observed in 1928 by Bardon and Berdez.-* During the same j-ear, 
Francis^ called attention to the frequencj’^ of bronchopneumonia as a 
terminal event in cases of tularemia, and Simpson®® suggested that 
the physical signs of consolidation in such cases might well be due to 
areas of caseous necrosis resulting from tularemia rather than to other 
types of bronchopneumonia. Likewise in 1928, Bunker and Smith'® 
first recovered Bactemm hdarense (Pasimtrella inlarensi^) from the 
sputum. Massee,-'® in 1931, described a case of confluent pneumonia 
in which B. iularense was isolated, Permar and Maclachlan,^® in the 
same year, described generalized areas of consolidation of a necrotic 
type which they called tularemic pneumonia. Thej" expressed the 
opinion that necrosis had been produced bj"^ the extreme interstitial 
edema with monocjdic infiltration and subsequent stenosis and throm- 
bosis of the smaller veins and arteries. Also during 1931, Sante®® 
described the roentgenograph ic findings of pleuropulmonarj’^ tularemia. 
Subsequent of 

pleuropulmonary tularemia have been increasingly frequent. 

Pathogenesis, That B. hdarense, the organism which causes tula- 
remia, is transmissible to man from animals has been well established.®’ 
Of the 268 cases of tularemic pneumonia available for studj'^ in the 
American literature (including 15 cases of our own) , a definite history 
of contact with animals was available in 115 cases and may be tym- 
marized as follows: rabbits in 92 instances, ticks in 13, squirrels in 3, 
deerflies in 2, and woodchuck, opossum, cat, chicken hawk, and rat 
each in 1 case. In 2 additional cases, the probable source of infection 
was laboratory exposure in 1 instance and performance of an autopsy 
in another. 

It is interesting to note that only 171 of the 268 patients (63,8%)' 
had ulceroglandular, oculoglandular, or glandular tjqies of the disease, 
whereas 97 cases (36.2%) had no demonstrable primary lesions or 
Ijonphadenopathy and maj’^ be classified, therefore, as the typhoidal 
tjqie of infection. Foshaj^’^ observed that 52.2% of 46 typhoidal 
cases had pneumonia, while approximately 15% of 554 cases of other 
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types of tularemia developed evidences of pneumonia. Kavanaugh” 
found that 12.7% of his series of 123 patients had pneumonia. Similar 
figures were reported also by Blackford and Casey, “ and Bihss and 
Berland.® It would appear, therefore, that pneumonia occurs most 
frequently in those cases without evidences of lymphadenopathy or 
primary lesions. Some appreciation concerning the incidence of 
typhoidal tularemia may be derived from the observation of Francis^® 
to the effect that typhoidal tularemia represented 6.4% of 1856 
collected cases. 

Two schools of thought have sought to explain the mechanism by 
which B. iularense reaches the lungs: hematogenous dissemination 
and inhalation. Kavanaugh®’ and Simpson®® favor the hematogenous 
point of view, as does the evidence submitted by Foshay^® that there 
are two blood stream invasions, an initial one and a second bacteremia 
5 or 6 days preceding death in many of the fatal cases. Permar and 
Maclachlan,^® on the other hand, have suggested direct infection of 
the respiratory tract through inhalation and have discussed represen- 
tative cases in which cutaneous ulceration and regional adenopathy 
were lacking. Bunker and Smith,®® and others®®’®® have successfully 
recovered B. Udarense from the sputum of patients with tularemic 
pneumonia. Recentlj^, Aagaard® has reported the case of a graduate 
student in bacteriology who contracted tularemic pneumonia after an 
infected rabbit sneezed in the student’s face. Several other laboratory 
workers have developed tularemia without presenting evidences of 
ulceration or regional adenopathy.®® In 7 of 16 cases of Kavanaugh’s 
series,®® the infection appeared to originate as a primary pneumonia, 
suggesting that infection entered via the respirator}'- tract. 

Comparative analysis of tularemia with other infections favors the 
inhalational method of infection. The similarities of tularemia to 
tuberculosis have been pointed out by Blackford,® while McCoy®® 
referred to tularemia in animals as a “plague-like disease of rodents.” 
Bihss and Berland® have recently discussed the clinical similarities 
between tularemic and bubonic plague. Reimann®® states that the 
pathogenesis of primary pulmonic tularemia, like that of plague, is 
apparently inhalational in mode, such as inhaling bacilli suspended in 
the air as dust, in droplets from patients or animals who have tularemic 
pneumonia, or from handling dried cultures of the organisms. 

Blackford and Casey“ believe that infection through inhalation is 
rare if it does occur, and that failure to find the portal of entry does 
not mean that the organism entered via the respiratory tract. Eight 
of our 21 cases had no demonstrable portal of entry or evidences of 
regional lymphadenopathy. Historical data pertaining to these cases 
were, however, insufficient in most instances to determine whether or 
not inhalation of the organisms should be considered as the route of 
infection. 

Morbid Anatomy. Blackford and Casey®® found 56 necropsy reports 
of tularemia in the literature, but apparently overlooked Matthews’ 
pathologic findings-*® of 3 patients who died from tularemic infection. 
Of the 56 autopsy records collected by Blackford and Casey,®® lesions 
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of tularemic pneumonia were described in 35 cases, an incidence of 
62.5% in fatal cases. Since Blackford and Casey’s survey of the 
American literature, 39 additional necropsy reports2’®'i7'i«-”,36,38,4o,44,47. 
60,62,63,66.63 ^avc appeared and lesions of tularemic pneumonia were 
described in 34 of these reports. It is evident, therefore, that of 
95 patients who died of tularemia and who were subjected to post- 
mortem examination, 69 presented lesions of tularemic pneumonia, an 
incidence of 72.6% in fatal cases. 

Both the gross and the histologic features of tularemic pneumonia 
and tularemic pleural effusions have been discussed in detail by Lillie 
and Francis.^ Recently, Blackford and Casey'^ reviewed the patho- 
logic changes of pleuropulmonary tularemia and concluded that addi- 
tional records of autopsies serv^ed only to verify previous observations. 
Although pneumonic involvement of the lungs is more frequent and 
more serious, an accompanying pleural reaction may be seen in about 
50% of the cases of tularemic pneumonia. Tlius, of 32 collected cases 
which proceeded to autopsy, Lillie and Francis'*- found pleural exu- 
dates in 16 cases and focal nodular lesions in the pleura in one other 
instance. . , 

The most frequent pulmonic involvement in fatal cases is a lobular 
or confluent lobular form of pneumonia which may involve a single 
lobe, several, or all of the lobes. In cases with all the lobes involved, 
some lobes may contain only discrete nodules. It is not infrequent 
at postmortem examination to find lesions in all of the lobes. The 
usual phases of both gray and red hepatization are frequently found. 
The areas of gray hepatization present regions of central whitish or 
yellowish necrosis, which, on cut surface, not infrequently reveal small 
or large areas of coagulation or caseous necrosis and occasionally small, 
scattered, interseptal areas of focal necrosis. In some cases,® cavita- 
tion is present and may resemble those of chronic pulmonary tubercu- 
losis. Pneumothorax, presumably resulting from a ruptured abscess, 
has been described.®^ 

On microscopic examination, it will be found that the exudate is 
most frequently composed of mononuclear cells which are often phago- 
cytic in character, A few lymphocytes, red cells, desquamated epithe- 
lial cells and plasma cells may be present. When secondary infection 
with the various cocci is superimposed, many neutrophils may be 
found in addition to the above reaction. The alveolar spaces are filled 
with a similar exudate which may contain fibrin at times. The 
alveolar septa are usually congested, especially in the pneumonic 
areas, and frequently the walls are necrotic. Interstitial infiltration 
by lymphocytes, mononuclear cells and other cells is not marked and 
is often confined to the interlobar septa, peribronchial and perivascular 
tissues. Some of the blood-vessels show mononuclear infiltration, 
necrosis and thrombosis.^® The perivascular lymphatics may be dis- 
tended with a cellular or caseous exudate. Lillie and Francis'*^ found 
that the areas of focal necrosis in the lung apparently were simply 
necrosing pneumonic foci. According to some reports,^® B. hilarense 
have been seen in the lesions, but are rarely isolated or cultured from 
the pulmonic lesions as a general rule. 
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Symptoms. The symptoms presented by patients with tularemic 
pneumonia usually fall into two general groups: In the first group, the 
pneumonia is associated with the ulceroglandular, glandular, or oculo- 
glandular types of tularemic infection and may occur from 1 or 2 days 
to many months after the localized infection elsewhere has developed. 
Thus, the symptoms of the pneumonia may occur with or follow the 
symptoms of tularemia elsewhere in the body, although the symptoms 
of pneumonia usually predominate in either case. In the second 
group, evidence of ulceration and lymphadenopathy is lacking. In 
these cases of typhoidal or c^ptogenetic type of tularemia, the infec- 
tion frequently appears to originate as a primary pneumonia, suggest- 
ing, therefore, that the infection may have entered through the respi- 
ratory tract. In this group, the onset may be sudden with a chill, 
fever, dyspnea, cough, pain in the chest and profuse sweating. The 
cough may or may not be productive. These patients appear ex- 
tremely ill and are frequently suspected of having typhoid fever. 

The pulmonary symptoms may vary greatly in severity. Frequently 
the symptoms are so mild that, without roentgenographic evidence, 
pneumonia cannot be recognized. In general, the pulmonary sjonp- 
toms may be said to be less severe in character than those associated 
with other primary forms of pneumonia. Symptoms of bronchitis 
are usually present before pneumonia is recognized. Blackford and 
Casey^’^ found cough present in 19 of 20 cases. Sputum was produced 
in only 50% of their patients; this varied in amount and occasionally 
was blood-tinged. Plemitic or chest pain was experienced by 11 pa- 
tients. Six patients were dyspneic. 

The fever curve of tularemic pneumonia is usually irregular and 
spiking in nature, while the pulse rate is usually relatively slow in 
comparison, except for the tachycardia observed in the more severe 
or terminal cases. Rapid and shallow respirations, cyanosis, delirium, 
confusion or stupor, with rapid progress to a comatose state, may be 
observed in the most severe cases and, according to Foshay,^^ is fre- 
quently associated with a recurrent or secondary bacteremia. 

Physical Findings. The physical signs of tularemic pneiunonia vary 
with the type and distribution of lesions. Both lungs are frequently 
involved. In general, the physical findings are those of an atypical 
pneumonia. The patchy areas of consolidation are usually indicated 
by irregularly distributed and more or less circumscribed areas over 
which rales, bronchovesicular or bronchial breathing, and increased 
whispering pectoriloquy may be heard. These findings may vary in 
location and intensity from day to day. Occasionally, a lobar tjqje of 
pneumonic consolidation may be demonstrated. Rarely, abscess cavi- 
ties may be suspected in an occasional protracted case by the presence 
of amphoric breath sounds and "cracked-pot” resonance during 
perdussion. 

Physical examination of the chest may reveal no abnormal findings 
in some patients even though pleuropulmonary involvement can be 
demonstrated roentgenographically. Hence, roentgenographic studies 
of the chest of any patient with tularemia are advisable, since pulmo- 
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nary involvement in the form of an atypical pneumonia, wither without 
areas of focal necrosis, pleural effusion, nodular infiltration and peri- 
bronchial thickening is often found in the absence of significant physical 
findings. 

EoentgenograpMc Diagnosis. In their patients with pleuropulmonary 
tularemia, Bihss and Borland® found that the most consistent Roentgen 
findings in the chest were enlarged and nodular hilar shadows, which 
usually occurred early in the disease. Frequently, .these hilar shadows 
are not recognized as important until later accentuation of the lung 
markings radiating to the periphery have developed. 

Bihss and Borland consider two basic types of pleuropulmonary 
involvement in tularemia. Non-typhoidal cases are thought to present 
usually hilar adenopathy in the early stages of the disease with sub- 
sequent retrograde extension through lymphatic channels into the 
lung parenchjTua or even into the pleura with production of a pleural 
effusion. The second basic type is found in cases of typhoidal tula- 
remia where the lung parenchyma is thought to be involved primarily 
and is usually not preceded by hilar adenopathy. The consolidations 
are large, homogeneous, and satisfy the roentgenographic criteria of 
pneumonia. 

Abscess cavities are occasionally demonstrated roentgenographically 
in cases of pulmonic tularemia. Blackford and Case.y'^ observed 
pneumothorax in 1 case and lobar atelectasis in another instance. 
Residual changes such as increased fibrosis are found in many cases. 

Figures 1 to 4 show roentgenograms of the chests of 4 of our patients 
and have been selected to demonstrate the variety of roentgenographic 
findings seen. • 

Diagnosis. In tjqiical cases of tularemia, the diagnosis of an accom- 
panying pneumonia is not difficult if careful observations of the indi- 
vidual patient are made for evidences of pulmonic involvement, such 
as an increase in pulse rate, respiratory rate, fever, and the appearance 
of cough and sputum. Confirmation of the diagnosis should be made 
by roentgenographic studies. It is not possible, however, to be certain 
whether the pulmonary lesion is tularemic in nature or caused by a 
secondary’- infection with the wide variety of organisms normally pres- 
ent in the upper respiratory tract unless B. tidarense can be demon- 
strated by bacteriologic methods. 

In the tjTphoidal forms of tularemia, not only the pulmonic involve- 
ment must be demonstrated but the etiology of the underlying febrile 
state must be suspected and determined. In that connection the 
diagnosis of tularemia should be entertained in prolonged fevers of 
imdetermined etiolog;>\ Moss and Weilbaecher^^ have reviewed the 
recent advances in the diagnosis of tularemia and have concluded that 
the diagnosis of a small percentage of cases, in which an occupational 
history, primary’’ lesion, ulceration and hanphadenopathy are lacking, 
rests entirely upon the laboratory data, including the blood culture, 
agglutination tests, and animal inoculations. In their opinion, the 
blood culture is not generally reliable. Agglutination tests, especially 
if there is a rising titer, are of more value, but cannot be relied upon 
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until after tlie second week of the disease, and in fulminating infections 
may be delayed or may actually never develop throughout the entire 
course of the disease. Material secured by lung puncture ,or_ aspirated 
from the Ijmiph nodes, blood and sputum may be mocukted into small 
animals with consistently reliable results. Likewise, tissues derived 
from the spleen, lung, lymph node and liver have been inoculated into 
small animals in order to establish the diagnosis of tularemia at post- 
mortem examination. 



Fig. 1. — (Case 6.) The chest. A, On April 29, 1942, an opacity adjacent to lower 
pole of right hilum is clearly demarcated. Infiltration radiating from the hilum is seen. 
B, Four days later, the pneumonic consolidation has increased and extended to the 
periphery. C, On May 20, considerable resolution has occurred although a patchy, 
lobular involvement is still evident. 


Other laboratory data are non-contributory to the diagnosis. The 
leukocyte count is usually within normal limits, although leukocytosis 
may occur infrequently. The red blood cell count is usually unaltered 
unless some other condition is present. The urine is generally normal 
except for a transient albuminuria associated with the more acute 
febrile stages of the disease. 
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The diagnosis both of tularemia and of tularemic pneumonia is 
frequently overlooked. In reviewing the literature, Kennedy^® was 
impressed particularly with the lack of clinical recognition of the 
pulmonic form of tularemia. 



Fig. 2.— (Case 21.) The chest On Jan. 29, 1943. Numerous, discrete' infiltrations 
throughout the right lung field typical of bronchopneumonia. 



Fig. 3.— (Case 19.) A, The chest on Feb. 1, 1940, reveals an infiltration extending 
upward and outward from the left hilum which could be readily confused with pulmonary 
tuberculosis. B, Twenty days later, clearing of the previous infiltration. 


Course. There is little question that tularemic pneumonia may be 
mild and transient in character, and frequently unrecognized except 
for roentgenographic evidence. In other cases, however, the_ pul- 
monic involvement is a manifestation of a widespread systemic infec- 
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tion and may contribute largely to the patient’s death. As mentioned 
previously, pneumonia is found in the majority of cases at autopsy and, 
like tularemic peritonitis or pericarditis, its presence bears grave sig- 
nificance, especially if the involvement is bilateral. Of the 268 cases 
of tularemic pneumonia that we have collected from the literature 
(including 15 cases of our own), 161 cases recovered, resulting m a 
mortality rate of 39.9%. 



Fig. 4. — (Case 7.) The chest. A, On Jan. 28, 1944, slight enlargement of the hilar 
shadows and several small areas of bronchopneumonia in the right lung base are noted. 
B, Bilateral pneumonic involvement is clearly evident 15 days later. C, On May 24, 
numerous smaller areas of infiltration remain. D, On August 8, the lungs have cleared 
considerably, although some residual linear strands suggesting fibrosis remain. 

The duration of the pneumonia is variable. It may last from a few 
days to several weeks. When the pulmonary involvement persists 
longer than 3 weeks, some complication, such as a lung abscess, 
secondary infection, or fibrosis, should be suspected. 

Treatment. The specific treatment of tularemic pneumonia is a 
question that has not yet been finally answered. Specific immune 
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serurn, according to Foshaj’’,-* is of aid in reducing the 'severity and 
duration of the symptoms, especially when given early in the disease, 
and may possibly be of assistance in treating tularemic pneumonia. 
Reports of several cases^^.M.fis treated with the sulfonamides have 
recently been published. Ransmeier,®^ lioweimr, found sodium sulfa- 
diazine ineffective against B. ivlarense as demonstrated experimentally 
in vivo. Although little data concerning the effectiveness of penicillin 
against B. iulareme have been collected thus far, it would appear that 
it is no more effective than other therapeutic agents generallj’^ available.' 
It seems to us that unless evidences of secondary infection are found, 
such as a coexistent pneumococcal pulmonary’’ infection, that the 
treatment of tularemia and tularemic pneumonia is still largelj^ sup- 
portive and symptomatic. 

Data. We have recentlj’^ reported our findings in a clinical study of 
225 cases of tularemia observed at the Charity Hospital of Louisiana 
at New Orleans.^® Of this group, 30 . cases presented evidences of 
pneumonia, an incidence of 13.3%, while 7 cases had pleural effusion. 
In an effort to establish adequate criferia for the diagnosis of tularemic 
pneumonia, 9 of these cases were rejected. The present series, there- 
fore, includes 21 eases of tularemic pneumonia, an incidence of 9.3%, 
while 4 of these cases had fluid in one or both pleural cavities. Six of 
the patients in this group have been previously reported by Moss and 
Weilbaecher,'*'''®® hence we are reporting 15 additional cases. These 
cases have been summarized in Table 1. 

In the selection of these patients, the following criteria for the diagnosis 
of tularemic pneumonia were observed: (1) autopsy with recover}'’ of 
the organism from culture or animal inoculation; (2) aspiration biopsy 
of the lung with recovery of the organism from culture or animal 
inoculation; and (3) history of contact, positive physical signs of 
pneumonic consolidation with roentgenographic confirmation and ris- 
ing blood agglutination titers for B. hdarensc. Since routine roent- 
genograms of the chest were not made on all our patients witli tula- 
remia, and because of the fact that an occasional patient would present 
himself several weeks after the onset of the disease, it is quite probable 
that the incidence of pleuropulmonary tularemia in our series would 
have approached the figures given by Foshay®® (17.8%) or ICavanaugh®^ 
(12.7 %) had complete information been available on every patient. • 

Thirteen cases (61.9%) in this series had ulceroglandular tularemia 
with definite pulmonary involvement. However, only 7.1% of the 
total number of 181 cases of ulceroglandular tularemia observed at 
Charity Hospital developed pleuropulmonary tularemia.^ Eight cases 
(38.1%) were of the typhoidal type of tularemia and, in turn, 57% 
of the 14 cases of typhoidal tularemia at Charity Hospital had pul- 
monic involvement. 

Twelve of these 21 patients gave a definite history of contact with 
rabbits. 'In 1 other patient, a 59 year old colored male farmer, the 
onl}'’ history of exposme was that of a scratch inflicted by a rat. Ot 
the remaining 8 patients from whom no history of contact was ob- 
tained, 7 were moribund on admission and expired without giving a 
satisfactory history. 



STUART, PULLEN: TULAREMIC PNEUMONIA 


233 


® § 
&D.SS 

« 8 g S 
gTSTS 2 cm-a-0 

©ppiffi.. OqS 
> > ft d ^ > 

ooo-«qo.So 5 


0.2 
s gs 

Qa 

O CQ 
CQ CO C3 OJ i-i 

&-< P L< O 

O O O 

.-P ,P § .-P '-n 

+3 P 4^ 

® . . ^^!5 * • 

■«+=-»» +3 -» O 

I ^ 3 d 3 5 O 

a "S ’ti) 2 •g, tc.S 

n W3 fcfl 3 tc M 

5 a a;:; a « a 
S> S' 2 “ M S 

•S .S a c .5 '5 

.£ *5 ® P 


•a -an 2 

C) o o ^ 
} 

4) 0^ O ) 
> > > ^ 
O O O -e 

•o o t> e3 
o o o Q> 

fPP^P5Q 


CX3 CO 

CO Oi r-i 


« ^ 

22 « 
■S-S o’ 

■■C _ 3 
-w 15 r “ 

3 5 .a 2 

'^’S ?S'ft.H 
a M M m 
« a ® a a 
g M tt tc g 

p.-a.s §3 

^ a> ,5 c3 

ss 


S S 2 I 

O O 0) S' 
4^ 4^ -4^ O 


^ ^ 
07 <0 CO 

a a 0, 
q o o 

4^ 4» 4^ 

p p p 


4i> 40 4:» ^ 

P£3 U 
w fco*3)*s 
W to tao g* 
P C3 C3 § 
to to ^ 

.s .s ^ 

.00 to *w ^ 


ass 

4^ 43 43 
W OT CO 

o o o 

. ft ft a 

C3 W 

O • . . 

G C> o o 

•p O O o 
— 3 3 3 
a " •" *'-• 

a "a "a "a 
3 S B B 
a 5 a 
^ < 


^ ^ & 
a a ft 
o o o 

+» -W -M 

3 3 3 


a a-^ § 

4^ 43 O 
W CO ► P 

O O p 
ft ft o 

^ r? C3 


.a.Bl§ 

-4 — rt 

P rt >> 

J a 

3 3 3 ° 

<<;h^ 


T3 

O 

O 

& 

>> 

CO 

> 

ft 

ft 

o 

o 

o 

o 

4* 

4* 

o 

P 

P 


i ‘-S ° s 

) ftp 

* . . W ft 

-0 4* 

OPS' 

J {4 ,45 O c? 

^■a M a O 

'•3 a S' ° 

' a 3 a •“ 

1 a to S "a 
a.B'a 8 
a .2 a -g 

P5 <5 


07 43 

*ro ^ 


I 

o fi 


* 9 P }p 


P 3 6 ^ 
o 0 : 3.2 w C t: 

*w p -e p « p 
sj ft p o fl .s pS 
S' ^.p P ft 

03 C) ^ O 4> rt 
W >-<Ph!!~PL“ 
>«-(.P4*«7- CO >j 

o pS.« P,£ oP 

cofc-^^ooofe'o.p 
i«fiP «P-eP'S‘o 
“ -3 ft © ft " 3 ^ ® 


corPeaoPO u.-P'S 
PflP 'TSftOi.i^P.pOT 
oP'PtfiP'S^o^ - toPp 
a.sgB .fba~g- 3 oe 


p s 

0 3 0 
P 'P 4* 
ft P ^ 

W wIS 

a 

ft'" a 

K 3 .2 

3 

g I ® 

O P 

3 K ^ 

^ Pk 


4- « : 

o’H 
03 2 

0.2 o o 

,>.3 ,C ^ . 
ft V U o 
= p p 
Poo 

Ih u 
««<: 

*4, ^ 

O K .2- 

gssg- i 

■3S>2 g s5 00 w 
a as Ss '■' i 
3 g-3 uS 
=3 F c'^ J 

Q & B. f 


o o o o 

-c J3 43 ^ 
o o C) o 

S S c c 

p o O o 
,i? i? 

WPQWpq 


^ 4d 

c3 c3 


O O O 
•P -P J3 
O O o 
p p p 

2 P p 

^ U fc4 


I ”2 2 OOOO, 


CO 

'S O O 
-P 4= 
• o o 
P2 P P 

P P P 

IS |4 t, U 
« 


w m 


H 

P 

Con- 

tact 

at 

abbit 

abbits 

abbitE 

4» 

13 • 

Xi ; 

+3 .fcS 

:s3s • 
2 -° -a • 

4* 

; ; X 

49 

• • IS 

49 

IB 

4* 

IS 


49 

Eh 

0 

43 

49 

0 

•< 

H 

K««« 

•—.2 

C3 

P4 

3 3 3- 
««« 

' ' c5 

I * rQ 
a 

P4 

X 

cS 

Xi 

p 

P5 

• 

IS 

X? 

p 

« 



Type c 
tularem: 

U.G. 

U.G. 

U.G. 

U.G. 

U.G. 

H 

U.G. 

U.G. 

U.G. 

U.G. 


T. 

T. 

U.G. 

U.G. 

U.G. 


U.G. 

0 

0 

ft 


§ g S f© P=, 

P=^§ 

§ fit gfi, 

Sgg 



§ 

s 


'w 

P 

0 

’> 


1 0^00^ 


00^0 

ooo 

000 


0 

0 

0 

0 

Eh 

ft 

OT 

0 

CO 


!§??§§§ 

. 

CC c> 
lO 

« £3 TO TO 

TO CO TO IQ 

■^c<t to 

CO ci oi 

0 0 

W 10 CO 

0 

CO 

0 

CO 

0 

OJ 

c? 

P 

0 

07 

0 

49 

0 ■ 


qIZ ’■' ” ''O K U 5 

O t 4 

OO O O .-1 

f* *-< 

0% CO ri* 

»H 4 -< 

* 

*0 CD 

44 «—» 

* 

00 

* 

0 

44 

* 

0 

(-.1 

>— ( 

P 

0 

Q 

* 



234 


STUARTj PULLEN: TULAREMIC PNEUMONL^ 


The occurrence of tularemic pneumonia in 13 males as compared to 
. 8 females is proportional to the sex incidence for our entire group of 
tularemic patients (134 males and 91 females). The incidence of 
pulmonary involvement in 16 colored patients as compared to 5 white 
patients may be significant, however, inasmuch as 132 of the 225 
tularemic patients studied were white as compared to 93 colored 
patients. 

The occupational history revealed that two-thirds of this group 
consisted of housewives, farmers, cooks, butchers and peddlers and, 
as stated, was related to exposure to rabbits in all but 1 instance. In 
the remainder the occupation was such as to appear unrelated to the 
development of the disease. 

The incubation period varied from 24 hours to 10 days in 12 cases 
in which an adequate history could be obtained. The average incuba- 
tion period for this group was 4.5 days. It is of interest to compare 
this with Kavanaugh’s observation*^ of 4.5day.s in 123 casesof tularemia 
and Foshay^s determination** of 3.3 days as the average incubation 
period of 600 collected cases of tularemia. 

The duration of symptoms before the diagnosis of pneumonia was 
established varied from a few hours to 21 days, with an average of 
11 days. The Icnown duration of tularemic pneumonia in 12 cases 
before death varied from 22 hours in 1 instance to 19 days in another, 
while the average duration for this group was slightly more than 
6 days. In 8 surviving cases the known duration of pulmonary involve- 
ment varied from 15 days in 1 case to a maximum of 48 days in another, 
with, however, an average of 30 days. One patient deserted the 
hospital before complete recovery. 

The diagnosis of tularemic pneumonia was definitely established in 
8 patients that eventually recovered by demonstrating rising blood 
agglutination titers for B. hdareme. Three patients were diagnosed 
in a similar manner before death. Aspiration biopsy of the lungs with 
guinea pig inoculation confirmed the diagnosis in 2 patients that 
subsequently recovered from the disease and 1 that succumbed. Eight 
of the group had no definite diagnosis before necropsy was performed; 
in 4 of these patients, however, tularemia was suspected because of the 
presence of primary lesions and lymphadenopathy or a definite history 
of handling rabbits. ' 

Nine of our 21 patients recovered from the disease while 12 died, a 
mortality rate of 57% in 21 cases of tularemic pneumonia. Autopsies 
were secured on 10 patients. Curiously, 6 of 8 females with tularemic 
pneumonia expired, whereas only 6 of 13 males in this series died. 
The only white patient (a female) that died probably expired as a 
result of uncontrolled diabetes mellitus, and the death of 1 colored 
female may possibly be attributed to a malignant neutropenia follow- 
ing sulfonamide therapy.^* 

In addition to the sex factor, a racial predisposition was noted. 
Thus, 11 of the 12 deaths were in Negroes, a mortality rate of 69% 
of the 16 colored patients in our group. 



STUART^ PULLEN: TULAREMIC PNEUMONIA 


235 


Summary. 1. Up, to September 1944, 253 cases of tularemic pneu- 
monia were collected from the American literature and we have reported 
15 additional cases herein. 

2. Criteria for the diagnosis of tularemic pneumonia have been out- 
lined. 

3. Of 225 cases of tularemia observed at the Charity Hospital of 
Louisiana at New Orleans, 21 cases (9.33%) had accompanymg tulare- 
mic pneumonia. 

4. The incidence of tularemic pneumonia is distinctly greater in the 
typhoidal forms than in the ulcefoglandular types of tularemia. Thus, 
only 13 (7.1%) of 181 cases of ulceroglandular tularemia developed 
pleuropulmonary involvement, whereas 8 cases (57 %) of 14 instances 
of typhoidal tularemia developed clinical tularemic pneumonia. 

5. Of our 21 patients with tularemic pneumonia, 12 (57 %) expired. 

6. Although our incidence of tularemia in colored patients as com- 
pared to white patients is proportional to the total admissions of white 
and colored patients at Charity Hospital for the same period of time, 
it would seem from our findings that Negroes are particularly lacking 
in resistance once they have developed the pulmonic forms of the 
disease. This is evidenced by the fact that 16 of our 21 cases of 
tularemic pneumonia were colored and that 11 of .these 16 patients 
expired. Whether this racial susceptibility is due to lack of immunity, 
or inability to develop immune bodies, or whether environmental, dietary 
and other factors associated with a lower standard of living are respon- 
sible is a question that we must leave unanswered. Only 1 white 
patient expired, and this may be attributed in part to an uncontrolled 
diabetes mellitus. 

7. Curiously, 6 of 8 women with tularemic pneumonia died, as 
compared to 6 of 13 men. Analysis of the charts suggests that the sex 
predisposition may have been coincidental. 

8. In patients who recovered, the average duration of the pneu- 
monia was 30 days, attesting, therefore, to the marked morbidity as 
well as mortality of this disease. 

9. No specific therapy in our hands has been beneficial. The 
patient should be supported until the disease has run its course. 

10. Every patient with tularemia should be observed carefully both 
clinically and roentgenographically for the development of pleuro- 
pulmonary tularemia. Such patients should, of course, be isolated. 
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Although extragenital lesions of granuloma inguinale are not 
uncommon (lip, moutb., neck, etc.), visceral manifestations of tins 
condition have been reported in but few instances.® Skeletal involve- 
ment by granuloma inguinale has been noted in ouly 9 cases.^’^ 
Since bone lesions are unusual, this case of osteomyelitis of the tibia 
is reported. Donovan bodies were found in histologic section of 
biopsies from this case and were cultivated in the yolk sac of developing 
chick embryos by the method described by Anderson and co-workers.*^"® 
Extragenital lesions of granuloma inguinale are generally believed 
to be the result of contact infection. Occasionally, however, multiple 
extragenital lesions are found and their widespread distribution has 
suggested a hematogenous dissemination.^’^ Both the older references 
of widespread visceral involvement of granuloma inguinale and the 
more recently reported cases of osteomyelitis complicating genital 
lesions seem to support this idea of a systemic disease. In many of 
these cases bone lesions were found in the extremities, thorax, and skull 
but there were no skin ulcerations. In these patients the spread of the 
disease by the blood stream must be admitted. That the disease may 
be systemic is suggested by the following case in which a primary 
extragenital lesion appeared several weeks before the genital ulcer. 

Cultivation of Donovan bodies on bacteriologic media has been 
unsuccessful® and diagnosis depended upon the finding of the organism 
in spreads or histologic sections. However, 2 new methods of isolating 
the Donovan body have been reported: one by continuous tissue cul- 
ture,® and the other by the use of the yolk sac of the chick embryo, as 
described by Anderson.’^ The latter method was successfully employed 
in this case. 


Case Report. C. S., a 43 year old colored male, was admitted to the Ortho- 
pedic Service on September 19, 1944, complaining of a sore on his leg. About 
6 months before admission he struck his left shin and sustained a bruise which 
persisted. Three months prior to admission he again injured the bruised area 
and an nicer formed. This ulcer gradually increased in size, without local pain 
i month after the onset of ulceration the patient noticed 

ttiat the left knee was becoming stiff, although there was no pain on motion 
Dmng the month prior to admission the left leg was occasionally painful, 
three weeks before admission the patient first noticed a penile lesion. This 
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consisted of a small erosion of the dorsum of the shaft of the penis adjacent to 
the corMa. This ulcer gradually spread to involve the circumference of the 
penis. There was no local pain or tenderness. 

The ulceration of the left leg did not confine the patient to bed but he had to 
^ crutch. His appetite remained good, but his weight dropped from 
130 to 86 pounds. There were no other systemic symptoms. 

The patient gave a history of urethral discharge 20 years ago. This was 
complicated by a left inguinal bubo which ruptured spontaneously, drained for 
a short time, and then healed. About 18 years ago he had a lesion on the 
frenulum of the penis which healed without treatment. He had never had a 
serologic test or treatment for syphilis. 



Fig. I.— The Jesion of granuloma inguinale proximal to the corona of the penis. 

The patient denied extramarital sexual contacts during the past year. He 
stated that his wife had no visible genital lesions. 

Despite repeated questioning, the patient insisted that the ulcer on the leg 
had been present for a long time before the penile lesion appeared. 

Physical examination revealed an emaciated, middle-aged colored male 
whose appearance suggested considerable recent weight loss. The mucous 
membranes and pahns exhibited moderate pallor. His temper^ure was 
98.8° F. bn admission, and the pulse and respiration were noraal. Ihe blood 
pressure was 100/80. The skin was loose and lacked normal elasticity. The 
eyes, ears and nose and throat show'^ed no abnormality. The neck, heart, lungs 
and abdomen were also normal. There was a scar with slight keloid formation 
in the left inguinal region. 
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The penis was circumcised and showed a non-tender, band-shaped ulcer 
encircling the organ just proximal to the corona. The ulcer measured from 
1 to 2 cm. in width. The lesion consisted of red, velvety, friable granulation 
tissue with sharply demarcated, slightly elevated edges (Fig. 1). 



Fig. 2. — ^The large granulomatous lesion of the left leg. Note the deep ulceration near 
the upper edge of the lesion which extended into the marrow cavity of the tibia. 

The left upper shin showed a large, tender, elevated granulomatous lesion, 
measuring about 7 x 15 cm. The granulations were exuberant and friable. 
In the upper portion of the lesion there was a deep, funnel-shaped ulcer about 

3.5 cm. in diameter which extended into the medullary cavity of the tibia 
(Fig. 2). _ 

In the right inguinal re^on several small, discrete, non-tender l 3 ntnph nodes 
were felt; none was noted in the left groin. 

The laboratory findings were: R.B.C. count, 4,050,000, with 9.6 gm. of 
hemoglobin; W.B.C. count, 6200, with a normal differential; urine negative; 
blood Kahn negative; sedimentation rate 125 mm. in 1 hour. There was no 
e\ndence of sicUing of the erythrocytes. The blood calcium was 12 mg. per 
100 cc.; blood phosphorus, 4 mg. per 100 cc.; serum alkaline phosphatase 

4.6 Bodansky units; total serum protein, 7.7. gm. per 100 cc. Spinal fluid 
studies revealed nothing abnormal. Ducrey and tuberculin skin tests were 
positive. The Frei test was negative, but the complement-fixation test for 
l 3 'mphogranuloma venereum was positive to a titer of 1:80 

leg showed a large bone defect in the proximal 
tibia at the level of the tubercle. This defect measured about 4 cm. in diameter 
and extended from the anterior surface of the tibia to its posterolateral aspect, 
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resulting in dissolutwn of the cortex. This bone cavity was surrounded by 
moderate sclerosis. _ There was irregular periosteal thickening along the medial 
lateral, and postenor aspects of the proximal tibia. The width of the knee 
jomt was slightly reduced and the distal femur and tibial condyles showed 
moderate osteoporosis. The articular surfaces of the tibia and femur were 
evidence of bony ankylosis. The roentgenologist stated 
that the findings were consistent with a chronic infection (Fig. 3). 



Fig. 3. — Roentgen ray of left tibia, lateral and antero-posterior view. Note the large 
defect in the tibia with some sclerosis of the surrounding bone and irregular periosteal 
thickening. 

Roentgenograms of other bones were negative except for a cystlike area of 
rarefaction, measuring 1 x 1.5 cm. in the anterior portion of the 7th rib on 
the left side. The area of rarefaction was surrounded by a zone of sclerosis 
and there was no periosteal reaction. 

The preliminaiy clinical impression was that of a tumor of the left tibia. 
Biopsies from the granulation tissue of the leg and later from the penis showed 
granuloma inguinale. Two attempts to isolate Donovan bodies from the penile 
lesion by means of the yolk sac method were unsuccessful because of bacterial 
contamination. After local applications of a solution of tyrothricin and of sul- 
fanilamide powder in an attempt to eliminate the secondary infection, an 
osteotomy of the left tibia was done. Biopsies from surface granulation tissue, 
bone and bone marrow showed granuloma inguinale on histologic section. 
Donovan bodies were isolated in pure culture by inoculation into yolk sacs of 
a portion of this material. 

Biopsy of the rib lesion was done on the 23rd hospital day, but the specimen 
did not show granuloma inguinale either by histologic study or yolk sac 
inoculation. 

Treatment consisted of the local application of sulfanilamide powder and 
tyrothricin to the leg and penile lesions. The tibial defect was packed_ with 
iodoform gauze, and the packing changed at frequent intervals. ’ Sulfadiazine 
was administered orally. Fuadin was given intramuscularly at weekly inter- 
vals. 

On the 29th hospital day a split-thickness skin graft was applied to the 
lesion of the left leg. Approximately 90% of the grafted skin survived. 

The patient remained in the hospital for 48 days. During the entire period 
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T.- j. noimr rn< 5 P above 99° F- He was dismissed 20 days after the 

f is being 

'""Sorf 0 / Biopsy Matenal. The various fragments of tissue ob WJ Jby 
bimsy were of reddish-tan color and of meaty consistency. Fragments of bone 
„++nf.v,prl fr. ibe sopcimens from the tibia and its marrow. 

' All tissues were fixed immediately in Zenlcer’s fluid with 5% glacial acetic 
acW arf “n a IWo sdutSTot fornita U.S.P. Elsvei, aaotiona stamed «.th 
phloxine-methylene blue were examined. 



Fig. 4. — The granulation tissue with microabscesses from the lesion of the leg. Thi 
general pattern is quite suggestive of granuloma inguinale. Phloxine-methylene blui 
X 105.' 


The histologic picture was the same in the various tissues. It consisted of ! 
richly vascularized granulation tissue noth marked inflammatory cell infiltra 
tion (Fig. 4). There were numerous plasma cells and lymphocytes, but theri 
was a predominance of large mononuclear cells and neutrophilic polymorphonu 
clear leukocytes. The polymorphonuclear leukocytes were scattered through 
out the tissue or formed small and medium sized microabscesses. The larg( 
mononuclear cells were dispersed throughout the tissue and showed a finel 3 
reticulated or vacuolated cytoplasm. Phagocytosis of polymorphonuclea; 
leukocytes and other cellular ddbris by these cells was common. 

A large number of the mononuclear cells contained typical Donovan bodies 
Sometimes as many as 8 cells laden with Donovan bodies were encountered ir 
a single oil immersion field. These infested cells were most numerous at tb 
periphep' of the microabscesses but were also found elsewhere. All stages o 
infestation were noted in these ceils. Sometimes only small groups of Donovai 
bodies occupied a part of the cj^toplasm, while in other instances the entire cel 
body was invaded. In some cells the cytoplasm appeared cystic: in others 
rupture of the ceU body had occurred. 
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Some proliferation of fibroblasts and deposition of collagen was encountered 
in a few areas, but this process had not progressed significantly. 

The sections of the bone and bone marrow showed spicules of degenerating 
and necrotic bone without appreciable new bone formation. 

The epidermis at the edges of the lesion was necrotic and infiltrated by 
polymorphonuclear leukocytes. There w'as no regeneration. 

Numerous mononuclear cells laden with Donovan bodies were seen on the 
ulcerated surface of the lesion together with occasional cocci. No micro- 
organisms were identified elsewhere in the sections. 

Cultivation of Donovan Bodies. The surface granulation tissue, bone marrow, 
and adjacent tissue were all found to contain Donovan bodies on impression 
smears stained b}^ Wright’s method. The organisms were grown from the sur- 
face granulation tissue in the yoUc sac of chick embryos by the method de- 
scribed by Anderson and co-workers.‘’*;» Cultures on blood agar and in thio- 
glycoUate revealed no bacteria in the inoculum or in the material harvested 
from eggs._ From bone marrow and adjacent tissue, however, Donovan bodies 
were not isolated because the inoculum contained a slowly growing alpha 
streptococcus which killed the chick embryos. 



Fig. 5. — Impression smear of granulation tissue adjacent to the tibia. A Jarge mono- 
nuclear cell with numerous typical Donovan bodies. The cytoplasm of this cell is char- 
acteristically vacuolated. Wright stain X 1000. 


The details of the cultivation of the Donovan bodies are as follows: Granu- 
lation tissue from beneath the surface of the lesion was triturated in a mortar 
and made into a 10% suspension with saline solution. _ Following a low-speed, 
centrifugation, the supernatant material was injected in 0.6 cc. amounts into 
the yolk sacs of 15 6-day-old embrjms. The eggs were then reincubated at 
37° C. Three embryos were dead the following day pd were discarded. Two 
died on the 2nd day and were also discarded because unpression smears of then 
yolk sacs revealed no microorganisms. Smears of yolk and yolk sacs harvested 
from living embryos on the 2nd, 3rd and 4th days showed proOTessively mcre^- 
ing numbers of Donovan bodies. The remaining eggs were harvested on the 
7th and 11th days and were found to contain a few clusters_ of mtracelluiar 
bodies. Second passage of the agent was initiated with material taken on the 
4th day. A yolk sac was mixed with yolk from the same egg, shaken with glass 
beads on a shaking machine, and inoculated in 1 cc. amounts into 11 O'day- 
old embryonated eggs. This 2nd passage produced a moderate ^owth ot 
Donovan bodies by the 3rd day and a rich yield on the 4th day. Succ^sive 
passages of the agent shortened the incubation period to 3 days, so that har- 
vests made at this time contained a large number of bodies. "^Sht serial 
passages were made and in each one the Donovan bodies presented the same 
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morphology. Bacteriologic cultures on blood agar, in thiogly collate, 
occasionally in tryptose-phosphate broth containing agar, yielded no growth 
from yolk or membranes of each passage. 

The morphology of Donovan bodies was observed by impression smears of 
human and yoUc sac material, stained by Wright's method. With spreads of 
infected yolk, flooding the shde with ethyl ether before staining removed much 
of the yoUc and consequently facilitated the search for Donovan bodies. The 
morphology of the organisms was not changed by this procedure. Touch 
smears of human granulation tissue revealed the bodies to be of variable 
morphology. They consisted chiefly of forms resembling closed “safety pins,” 
diplococcal forms or encysted clusters of single bodies, with a few encapsulated 
organisms present. The majority of them occurred intracellularly (Fig. 5). 
When cultivated in embryonated eggs, the Donovan bodies were shown to have 
a morphology similar to that seen in smears of human material. “Safety pin” 
and shorter, bipolar forms predominated, although curved rods and encapsu- 
lated types were often observed in the same preparation (Fig. 6). 



Fig. 6.— Donovan bodies in a spread of yolk infected with the fourth passage of the 
agent cultivated in embryonated eggs. Wright stain X 1000. 


Discussion. The occurrence of osteomyelitis caused by granuloma in- 
guinale is uncommon. We have found only 4 cases in the literature in 
wdiich the diagnosis tvas proven by histologic examination.^’^^ The other 
cases^®’^-d3 jQust be regarded as less authenticated, for the diagnosis 
of granuloma inguinale tvp based entirely on. the isolation of bacteria 
thought to be the etiologic agent. These latter case reports describe 
widespread visceral involvement with multiple granulomatous abscesses 
of the bone, liver, lungs, spleen and intestine.®-®-i-'3 There are recent 
reports, however, of arthritic manifestations wdth extensive lesions in 
the joints of the hands and feet.^ 

In some of the reported cases there was an extension of the skin 
granuloma into tlie underlying bone, while in others the skin ulceration 
was secondary to the breakdown of the bone lesion. In our case we 
could not be certain whetlier the bone or skin was the primary site of 

the extragemtal lesion, for both tissues were involved when the patient 
was nrst seen. ^ 


In the majority of cases reported a moderate amount of local pain 
and tenderness was present over the bone lesions. There were rarely 
any signs of an acute inflammatory process. Generally systemic 
symptoms of malaise, weight loss, low Jrade fever, S 
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noted. The patients usually pursued a chronic course of remissions and 
relapses. Among the proven cases only 1 death occurred.® 

Occasionally an elevation of the serum globulin and of the alkaline 
phosphatase level was noted. The roentgenograms usually revealed 
a lytic bone lesion with little evidence of new bone formation. This 
was also found in our patient, in which there appeared only a slight 
sclerosis about the area of destruction. In some instances tlie bone 
lesions responded to antimony therapy,*^ while in 1 case successive 
amputations were necessary before the infection could be controlled.® 

The diagnosis of bone involvement is usually made byfinding Dono- 
van bodies in impression smears or histologic sections. The organism 
was reported to be isolated in continuous tissue culture frqm one of the 
cases reported by Lyford et al.^ In our patient the organism was culti- 
vated in the yolk and yolk sac of chick embryos from the granulation 
tissue of the leg. In our work the technique described Anderson 
provided a useful means of demonstrating this organism. Anderson 
and co-workcrs®’^ have recently published reports which conclusively 
indicate that the Donovan body is the etiologic agent of granuloma 
inguinale. Donovan bodies were not isolated from the tibia because of 
bacterial contamination of the biopsied specimen, although thej*^ were 
found in smears and histologic sections of the bone. The eystic lesion 
of the rib was suspected of being granuloma inguinale, but showed no 
evidence of this condition in either histologic sections, or yolk sac 
cultures. 

Our patient insisted that the leg ulcer appeared 9 weeks before the 
onset of the genital lesion. We cannot be certain of the pathogenesis 
or of the sequence of events in this patient. The leg ulcer might repre- 
sent a primary extragenital lesion with secondary contact infection of 
the penis. It is also possible that the penile lesion was present at the 
same time as the leg ulcer, but was too small to be noticed by the 
patient. In either event the patient’s and the physician’s attention 
was directed to the leg lesion. The correct diagnosis was not suspected 
clinically, but was made by biopsy of the leg ulcer. 

The possibility of extragenital granuloma inguinale should be con- 
sidered in cases of chronic skin ulceration and even in non-healing osteo- 
myelitis, regardless of location. Just as in syphilitic infection, the 
absence of a genital lesion need not exclude the possibility of systemic 
granuloma inguinale. It is striking that all proven cases of skeletal 
granuloma inguinale have been reported within the past year. Once 
it is realized that systemic manifestations of this^ disease occur, other 
instances of disseminated granuloma inguinale will be noted. 

Summary. 1. A case of osteomyelitis of the tibia caused by granu- 
loma inguinale is reported. 

2. Donovan bodies from this case were cultivated in the yolk and 
yolk sac of the chick embryo according to tlie method described by 
Anderson. 

3. A review of the literature reveals that bone involvement by 
granuloma inguinale is rare, but when found may be a manifestation 
of the systemic nature of this disease. 
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It has been noted in several pertinent papers of the past 13 j^ears 
that primary carcinoma of the liver complicates some 7% of cases of 
hemochromatosis. Yet, because of the rarity of hemochromatosis, the 
total number of cases occurring with associated primary hepatic car- 
cinoma is small. Berk and Lieber/ in 1941, by adding 3 cases of their 
own to a previously reported 29, brought the total number of acceptable 
cases to 32. Since then, and up until the end of September 1943, 
Willis'‘ has added 3 and Saward® 1 case. With tlie case herewith 
reported, the recorded number of cases of hemochromatosis with 
primary carcinoma of the liver mounts to 37. 

Correct preoperative or antemortem diagnosis of these diseases in 
association has not been made, to the best of our knowledge. Careful 
consideration of the s.ymptoms produced directly by the malignancy 
and of the variations in the expected course of hemochromatosis, which 
appear following the development of malignancy, should, however, 
lead to correct diagnosis. The diagnostic features have been set forth 
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and thoroughly reviewed in a recent communication^ Briefly, the 
symptoms which should lead to suspicion of hepatoma complicating 
hemochromatosis are; rapid progression of symptoms; abdominal pain 
as an outstanding complaint; jaundice; ascites, particularly sanguinous 
and not occurring as a terminal phenomenon; a massive liver, hard 
in consistenc 3 ’ and nodular, or rvith disproportionate enlargement of 
the right lobe; amelioration of severity of the diabetes with undue 
liability to hypogtycemia; fever; anemia; leukocytosis; loss of weight; 
and evidence of metastatic involvement in lungs or other organs. 

Of these s^ymptoms some, notabty pain, jaundice, ascites, and loss 
of weight (due to uncontrolled diabetes), are seen in uncomplicated 
hemochromatosis, but so rarety as to make their appearance strongly 
suspicious of the presence of an added neoplastic factor. 

The case reported below presents manj'" of these diagnostic features. 

Case Report. J. jM., a Filipino, aged 48, a ship’s steward, was admitted 
to the hospital on Jan. 29, 1944. Family historj"^ was unknown to him and 
previous diseases were denied, with the e.vception of gonorrhea and syphilis 
about 1933, both apparentlj'’ adequatelj’^ treated. 

Patient stated that he had been in good health up until 1 month before 
admission, when he noted the onset of mild aching pain in the epigastrium, 
constant and not accentuated or relieved bj' food, and without radiation. 
One week before admission, yellow-brown staining of the skin, sclersc and 
urine appeared, but the color of the stool was not noticed. Patient weighed 
135 pounds 2 j'ears ago, and on admission weighed 113 pounds, the greatest 
loss of weight having occurred in the month prior to admission. Generally, 
he felt w'eak and complained of some dizziness when lifting. History was 
otherwise negative by systems; tobacco and alcohol w'ere used in moderation. 

Physical examination revealed patient to be a thin, slightly, built Filipino 
male, appearing about his stated chronologic age, deeply jaundiced, with 
scattered e.xcoriations and 2 spider telangiectases on chest. The pupils w'ere 
pin-point and irregukr and did not react to light. Fundi were normal. Head 
and neck w'ere otherwise negative. Blood pressure 100/68. There was a soft 
systolic blow heard loudest at the apex but no other abnormal heart findings. 
The lungs w^ere clear throughout. The liver border w'as thought to be palp- 
able some 2 to 4 cm. below' the costal margin and not tender, but no other 
pathologic findings w'ere noted. Rectal examination w'as negative. The 
extremities presented no significant findings and, with the exception of depres- 
sion of the deep reflexes of the legs, neurologic examination w'as normal. 

During the first 2 weeks of observation, the stools were observed to be light 
yellowish and on several occasions w'ere negative for parasites and ova. Except 
for marked bile staining and a 4+ sugar reaction, repeated urinalyses were 
negative. Gastric analysis show'cd a maximum free acid of 40 and combined 
of 70 degrees. The blood Wassermann test w'as negative. The erythrocytes 
numbered 3,800,000 and the leukocytes 11,050 (neutrophils 65%, lympho- 
cytes 33%, monocytes 2%, and eosinophils 2%). The hemoglobm w^as 70%. 
The sedimentation rate w'as 27, icterus inde.x 159.5, and fasting blood sugar 
287.8 mg. Hippuric acid liver function test 3 '’ielded 0.3 gm._ The bleeding 
time W'as 1 minute and the coagulation time (Lee and ItTiite) 5 rninut^. 
Roentgen ray of the lungs was reported as showing a healed gland in the right 
hilar region and a healed tubercle at the right base. Gastro-intestinal series 
was essentiall}' negative w'ith the exception of slight “pattern variation in 
the distribution of the barium in the colon. A flat plate of the abdomen was 
suggestive of an enlarged spleen but not of enlarged liver. It was 
impossible to fill the gall bladder. During this period and subsequently, there 
was no abdominal pain. Low grade fever, not exceeding 37.6° C. w'as noted 
on several occasions. 
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During the period from Feb. 12, 1944 p^L^y^’^g’Jas^taken 

reductions were 27 units on February 25, and 20 units on 
this regimen, small amounts of sugar appeared m 
later specimens showed either no sugar or traces too 

estimated The patient felt stronger and gained a few_ pounds m weigUt. 

The stool was bile-stained for the most part, ^0 ^n fK 

stools were noted. The icterus index was 252 on Februaiy 18, /40 on I eoru 
ary 23, 225 on March 1, 196 on March 10, and 192 on March 14, 1944. 



Fig. 1. — Liver showing adenocarcinoma and cirrhotic stroma. Van Giesen-Weigert iron 

chloride. X 175. 


From the middle of March to March 27, a small amount of edema of the 
legs was noted and toward the end of the period frank ascites developed. 
A feeling of well-being continued, however, and patient’s general condition 
was considered fair. On one or two occasions, there was some bleeding from 
the gums which stopped after the administration of vitamin K for several 
days. The icterus index, however, again started climbing and patient’s 
stools were noted to be clay-colored. On March 17, the icterus index was 210 
and on March 25, 240. Serum protein on the latter date was 5.7 gm. On 
March 27, total blood cholesterol was 170, icterus index 300, and Van den 
Bergh immediate direct positive. The urine continued sugar-free and there 
was gam in weight of several additional pounds attributed to the development 
of ascites. Low grade fever not exceeding 37.5° C. was noted at intervals of 
several days. 

4 . 1 , exploratory laparotomy was performed. On opening; 
the abdome^ approximately 1 quart of ascitic fluid, brownish in color, was 
aspirated. ■ The hver was uniformly studded with smaU bluish-green nodules 
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and general^ dark. The spleen was moderately enlarged. TJie pancreas 
common duct, stomach, and duodenum were regarded as normal. The gall 



Fig. 2. — Liver sliowing Prussian blue reaction for homosiderin. Note clusters of granules 
within the cells of the hepatic cords. X 700. 



Fig. 3. — Pancreas showing Prussian blue reaction for hemosiderin. Note hemosiderin 
granules within the epithelial cells of acini. X 1000. 

bladder was contracted and small. Some lymph nodes were palpable refoo- 
peritoneally behind the common duct. A small wedge was taken from the 
anterior right lobe of the liver for histologic study. 
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Liver Biopsy. Gross. A nodular, bile-stained liver specimen roughly 

MSro^^oFS^^There was intense thickening of the periportal stroma accom- 
nanied by a dense infiltrate of neutrophils, plasma cells, and lymphocytes. 
The liver lobules were of various sizes and had lost relationship to the central 
veins. The hepatic cells were often enlarged, their cytoplasm frequently 
granular and vacuolated and in many was a large amount of granular brown 
pigment which, with special staining, was shoivn to be hemosiderin. In addi- 
tion to hemosiderin many liver cells and some bile ducts contained masses oi 
greenish-yellow pigment. A little hemosiderin was seen m the stroma. _ 
Diagnosis. Hemochromatosis with associated portal cirrhosis and chronic 

active hepatitis. . , , , • x i j • 

From March 27, 1944, the patient progressively became less mterested m 
life. During this period, although at least 200 gm. of carbohydrate were 
administered daily, intravenously or orally, no sugar ever appeared in the 
urine and blood sugar was 114 mg. Insulin intake was gradually reduced. 
On April 1, the dose was 16 units, on April 7, 10 units, and on April 8, 1944, 
the last reduction was made to 5 units. Stools during this period were com- 
pletely clay-colored, the urine darkly bile-stained. 

The patient became comatose 2 days before death which occurred April 10, 
1944. 

Autopsy (Dr. J. D. Gioia). The skin of the forehead and neck was bronze 
in color and the trunk and extremities a deep greenish-yellow. The body hair 
was abundant and the distribution normal. There was pitting edema of the 
lower back and of the ankles and feet. 

Abdomen. The peritoneal cavity contained 2500 cc. of serosanguinous 
fluid. The liver edge was 5 cm. below the costal margin. 

Thorax.^ The left pleural cavity contained 100 cc. of clear fluid similar to 
that seen in the abdomen. 

Heart. Weight 290 gm. Appeared normal. 

Aorta. Normal with exception of several atheromatous patches. 

Lungs. Right 510 gm., left 760 gm. Each lower lobe was firm and non- 
crepitant, dark red in color and on section was homogeneous in appearance. 
The mid-lobe and upper lobe were moderately crepitant. On section profuse 
foamy golden yellow serous fluid exuded. 

Gaslro-intestinal Tract. The esophagus, stomach, and intestines appeared 
normal. 

Liver. Weight 1590 gm. It appeared smaller than normal and was very 
firm. Surface of the left lobe was studded with blue-black nodules which 
range from 1 mm. to 1 cm. in diameter. The color of the tissue which formed 
the mtervenmg depressions was greenish-gray. The cut section appeared 
similar to the external surface. Portal canals and hepatic veins were dis- 
tended. The left lobe externally appeared the same as the right but sections 
revealed clusters of conspicuous soft, yellow nodules of from 1 to 5 mm. in 
diameter. The caudate lobe stood out as if a large egg were distending its 
capsule. On sectioning numerous discrete nodules of from 0.5 to 2 cm in 
diameter were revealed. Interiorly overlying the vena cava and encircling 
the hepatic and cystic ducts was a mass about 4 cm. in diameter. On section- 
ing this mass resembled that seen in the caudate lobe. 

Gall Bladder. ^ Of normal size; contained gelatinous inspissated bile, 
normal”’ ' slight increase in size, appeared 

Pawrem. Weight 120 gm Appeared normal in size and shape; it was of 

firm consistency and hght yellow m color. ^ 

Kidneys. Right 200 left 180 gm. Each was bile-stained but other- 
wise appeared normal. The urmary bladder, prostate, and testis were bile- 
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There was relatively more hemosiderin in the periphery of the lobules. Some 
hemosiderin granules were also seen in the bile capillaries and in phagocytic 
CGils of the stroma. Occasionally a lobule of liver cells showed very little 
pigment. The tumor consisted of cords and acini of large polyhedral cells 
with leptochromatic nuclei and granular amphophil cytoplasmic zones. The 
pattern was moderately uniform. Cells in mitosis were seen in small numbers. 
In some areas, a few tumor lumina contained mucoid material. As it was 
supported by the liver stroma, the tumor assumed a lobular pattern somewhat 
like that of the preexisting liver. 

Pancreas. There was a diffuse mild interstitial fibrosis. This stromal 
fibrosis occasionally involved an islet. There were clusters of hemosiderin 
pigment granules in the lining cells of many acini. 

Spleen . There were widened sinuses and some thickening of the pulp stroma. 
There was considerable hemosiderin either free or in phagocytic cells. 

Kidney. The glomerular capillaries appeared swollen and nearly filled the 
capsules. The proximal and distal convoluted tubules exhibited swollen 
and often degenerating epithelial cells. Numerous bile casts were present. 
An area of suppuration about 0.5 cm. in diameter was seen in a papilla. 

_ Skin. In a section from the leg there were many granules of hemosiderin 
pigment deposited about the capillaries or glands of the corium. Specimens 
from the chest and shoulder were without pigment. 

Breast, adrenal, testis and thyroid showed no deposition of hemosiderin; 
unfortunately no specimen of heart was examined. The lung showed em- 
physema and a terminal pyogenic bronchopneumonia. The gall bladder 
exhibited chronic active cholecystitis. 

A quantitative analysis* for iron yielded 50 mg. in 32 gm. of formalin fixed 
liver. On this basis' it was estimated that the total organ contained 2.484 gm. 
The average iron content in human liver found by Donath,^ as result of 
260 autopsies, was 258.1 mg. Therefore, this liver contained an estimated 
10 times the normal amount of iron. 

Discussion. The adenocarcinoma probably arose in the intra- 
hepatic biliary duct system. The ensuing obstructive jaundice was 
an important factor in bringing about death though tlie tumor had 
involved a relatively small part of the liver and had not metastasized. 
The portal cirrhosis and hemosiderosis of the liver, the early diffuse 
fibrosis and hemosiderosis of the pancreas and the clinical diabetes 
appear sufficient evidence to Avarrant a diagnosis of hemochromatosis 
even though deposition of hemosiderin in the liver and pancreas was 
not as heavj^ as is usually seen in postmortem examinations of people 
dying of this disease. Had the tumor not caused death by biliary 
obstruction it is probable that the classical features of hemochromatosis 
would later have developed. 

The iron pigmentation in the specimen of skin removed from the 
anterior part of the leg cannot definitely be interpreted as a disturb- 
ance in iron metabolism as this area is subject to much minor trauma 
and skin specimens from the shoulders and neck showed no iron. The 
spleen is so frequently the site of iron pigmentation that the relatively 
large amount of hemosiderin there is not considered to be of diagnostic 

value. 1 T • 1 

Summary. The case of a Filipino male, aged 48, who showed clinical 

and pathologic features of hemochromatosis complicated by obstruc- 

* The analysis for iron was made by Principal Industrial Toxicologist, L. T. Fairhall, 
Division of Industrial Hygiene, National Institute of Health, Bethesda, Md. 
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tive jaundice due to adenocarcinoma, is reported. This brings to 37 
the recorded number of cases of hemochromatosis associated with 
primary hepatic carcinoma. 
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Surgery of the heart, while still limited in scope, is today not so unusual 
a procedure as it was even so short a time as 20 years ago. Consistently 
successful attempts to ameliorate certain chronic heart disease entities 
have been reported only in recent years.*®’“ A much longer experience 
has accumulated with regard to surgical intervention in cases of cardiac 
trauma, but even in this regard, surgery of the heart has not been prac- 
ticed for long. A review by Vaughan^'* in 1909 reported 150 cases in 
which surgery had been performed on traumatic lesions of the heart. 
Sir Charles Ballance^ presented a good review of the early concepts regard- 
ing this subject. 

In 1687, Barbette^ of Amsterdam stated that wounds of the heart are 
always mortal and those that penetrate into the left ventricle kill sud- 
denly. Those so wounded seldom Iwe 12 to 20 hours, although occasion- 
ally one finds an example to the contrary. Tourby,'** in 1642, did an 
autopsy on a man who 4 years previous had had a sword thrust in the 
chest which caused a wound in the heart near the apex; the evidence of 
which was a cicatrix that could be easily demonstrated. 

In the centuries to follow there is little to note until the eighteenth, 
when Bonetus,® in 1700, and Morgagni,^ in 1730, established the facts 
that a sudden filling of the pericardial sac arrested the hedrt’s action and 
that wounds of the heart were not necessarily immediately fatal. Bonetus® 
relates the case of a young man, age 24, who bravely sustained an attack 
by 7 others and was at length wounded by a sword thrust. He survived 
5 days. The wound was of the left lung and of the right ventricle of the 
heart. 

Morgagni®^ notes two types of heart wounds. In one there was an opening 
in the pleura as well as the pericardium and the blood escaped freely into 
the pleural space. Likewise, blood escaped freely externally. In 1 case, 

* Now on Active Service in the Armed Forces. 
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with external bleeding, the patient sur%nved 8 days; in another case the 
blood was retained in the pericardial sac and the patient di^ed within a 
few minutes. He points out that the second case did not die from hemor- 
rhage but from pressure on the heart. Thus, as pointed out by Morgagni, 
a hemorrhage within the pericardial sac, in spite of the small amount of 
blood lost, may be quickly fatal. 

In the early nineteenth century many surgeons regarded operative 
procedures on the heart as hopeless. Dupuytrerf" advised venesection 
to be carried out almost to the point of exsanguination as a treatment for 
wounds of the heart. Guthrie^®“ in 1848 stated that in all of London with 
its 2 million inhabitants there was not a surgeon who had seen or recalled 
a case of recovery after a wound of the heart. At a later date, com- 
menting on the surgery of warfare in Portugal, Spain and France, Guthrie^®^ 
in 1855 writes “that the heart when wounded is capable of recovery by 
the permanent closure of the wound, in a few rare instances, is indis- 
putable; and it would seem, from a consideration of the different cases 
which have been recorded, that such recovery takes place in consequence 
of there being but little blood discharged through the wound, or into the 
pericardial cavity, or into that of the pleura. The absence or the cessa- 
tion of the hemorrhage by the contraction of the wound, or the formation 
of a coagulum, is the first step toward a cure. ... If all the circum- 
stances be considered, there can be no doubt of the propriety of closing the 
wound in the first instance, if the flow of blood be excessive and appears 
likely to endanger life. . . . When the sufferer has recovered from 
the imminent danger attendant on the infliction of the injury, and the 
pericardium is believed to be so full of blood as to prevent in a great 
measure thetnovements of the heart, it has been proposed by Baron Larrey 
to open the pericardium.” 

Early experimental studies on the heart revealed many important 
observations. One of these by Morgagni®^ in his De Sedihis et Causis 
Morborum, in 1761, showed that a puncture of a coronary artery might 
cause a hemorrhage into the pericardial sac and so compress and arrest 
the heart. In 1882, Block® sutured heart wounds in rabbits. In 1895, 
Del Vecchio^® made a wound in the heart of a dog and successfully sutured 
the wound. Following this successful operative procedure, he suggested 
that the method should be adopted in operations on man. Thus experi- 
mental evidence indicated that a wound in the cavity of the ventricle 
could be successfully sutured and that blood effused into the pericardium 
would embarrass the action of the heart unless it was removed. In 1919 
Warbasse® following experiments on dogs suggested that the apex of the 
heart be pulled forward by a fixation stitch to control the bleeding by 
compressing the great vessels at the base, keeping the heart empty and 
the operation relatively bloodless. 

Suture of the heart in ' the human was carried out by Cappelen“ bv 
Farina®® of Rome, and by Rehn®® of Frankfurt in 1896. The cases of 
Cappelen and Farina died 2| and 5 days after operation respectively 
Rehn s case was recovering well on the 14th day. A description of their 
cases tollows: Cappelen s case was a man, age 24, who was stabbed in 
the fourth left interspace in the mid-axillary line.* He went home 
stab wound and about 1 hour afterwards was found 
jing in a pool of blood. He was unconscious and pulseless but his 

tSefrth pericardium was found dis- 

tended with 1400 cc. of blood. The 1 cm. wound in the pericardium was 

enlarged and a 2 cm. wound was found in the ventricle. The wound was 
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sutured and a bleeding artery on tlie heart tied. The patient lived 
2| days, dying of septic pericarditis. 

Farina s case was a man, 30 years of age, who received a blow from a 
fine, sharp .dagger in the left fifth intercostal space in the parasternal line. 
The wound in the ventricle was oblique, from above dovuiward and 7 mm. 
long. The wound was repaired with interrupted silk sutures. On the 
5th postoperative day the patient developed pneumonia and died 3 days 
later. At autopsy the heart wound was found healed. 

In Rehn’s case, the patient was stabbed in the left chest with a table 
knife. He exhibited signs and symptoms of tamponade. On the follow- 
ing day, Rehn relieved the tamponade and sutured the lacerated heart. 
On the 14th postoperative day the patient was in good condition. 

The first case of gunshot wound of the heart with an attempted repair 
as recorded by Vaughan^ is that by Marion in 1898. This was a through 
and through perforation of the right ventricle from a pistol ball. The 
anterior wound of the heart was sutured but the patient died on the operat- 
ing table. The first successful repair of a gunshot wound of the heart, 
according to Vaughan,"*^ is recorded by Launay in 1902. In his case the 
left ventricle had a through and through perforation. Both perforations 
were closed, drains were placed in the pericardium and the pleura and the 
patient recovered. 

Since the turn of the century there have been many successful cases 
reported in which the injured heart was repaired. Despite advances in 
surgery the mortality from wounds of the heart is as expected, quite high. 
The following series of statistics on penetrating wounds of the heart 
indicate the seriousness of such cases. 


Author 

Fear 

No. of cases 

Mortality 

Vaughan^* . 

. . 1909 

150 

65.0 

Touffier” . 

. . 1920 

350 

49.7 

Cutler” 

. . 1932 

28 

22.4 

Bigger* . . . 

. . 1932 

53 

26.5 

Bigger'* 

. . 1939 

141 

50.0 


* Report by Bigger includes cases from members of American Association for Thoracic 
Surgery, American Surgical Association, and Southern Surgical Association. 

In our own series of cases from .the Detroit Receiving Hospital there 
were 27 cases of penetrating wounds of the heart, 21 cases were operated 
upon, 16 lived, a mortality of 23.8%. In addition, there were 6 cases, 
3 of which were simply observed, and aspiration of the pericardium was 
performed in 3 others. The mortality in this group was 6%. Of the 
entire group of 27 cases cared for from 1939 to 1944, the mortality was 
22.2%; there being 21 cases which lived, and 6 died._ Of the injuries, 
25 were stab wounds by knives or ice-picks; the remaining 2 were gun- 
shot woxmds. 

Pathologic Physiology. The filling of the heart depends on the fact 
that the pressure nuthin the great veins is slightly higher than that in the 
right auricle during diastole; the greater the pressure within the large 
veins the more rapidly will the blood enter the heart. The filling of the 
right auricle maybe impeded by anything which hinders the expansion 
of the heart, such as the presence of fluid in the pericardial cavity. This 
can be shown experimentally, or as a result of fluid in the pericardial sac. 
Increasing the pressure within the pericardium and thus interfering with 
the venous return increases the pressure in the vena cava. Owing to the 
resistance offered by the pericardium, w'hich is a tough fibrous inextensible 
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sac, the increase in venous pressure may be unable to_ force blood into 
the heart. When the pressure of the fluid in the pericardial cavity is 
sufficient to prevent blood from .entering the heart, death ensues.^ 

The effect of penetrating wounds of the heart varies with the size of the 
wound, its character, direction, heart chamber involved, associated coro- 
nary artery involvement, and area of confinement of the blood. Simple 
myocardial wounds or lacerations of the coronary vessels may cause death 
by direct hemorrhage producing heart compression in the closed peri- 
cardium. When larger branches of the coronary arteries are involved in 
the trauma, secondary myocardial infarction may be expected. Wounds 
of the auricles are considered more dangerous because of continued bleed- 
ing, as the auricles are thin-walled and possess less power of contractility. 
Wounds of the ventricles are less dangerous, especially the left. The 
thickness of the ventricular wall and the columnse carne^e favors thrombus 
formation. 

In wounds of the heart, as in other vascular injuries, hemostasis is 
frequently obtained by the formation of a thrombus which may plug the 
wound for a variable time after the injury. As arterial pressure increases, 
the clot may be released by the slightest exertion and thus death may 
occur a few days after the patient is apparently doing well. It has been 
shown clinically^ that especially in the ventricles, the thrombus remains 
and organizes, as a rule, leaving a relatively thin cicatrix in the region of 
the epicardial opening. The remaining part of the wound tract, instead 
of healing may persist as an open space connected with the heart chambers 
and lined by endothelium. Thus a false sacculated cardiac aneurysm may 
occur. 

Sir George Henry Makins,^® in 1920, in reviewing specimens of penetrat- 
ing wounds of the heart noted in some that there was little evidence of 
hemorrhage into the pericardial sac. In these instances the wound in 
the wall of the heart became closed by thrombus formation. Constantini 
and MocquoT^ refer in particular to delayed symptoms in 11 cases of 
wounds of the left ventricle. In these cases hemopericardium occurred 
some time after injury. 

Vance,^® in 1925, refers to 2 cases which at autopsy showed that healing 
may occur without operative interference. In his first case a bullet had 
cut a tunnel in a segment of heart muscle with little bleeding, death being 
due to pneumonia and spinal cord injury. In the second case, the heart 
and aorta were penetrated by a small bullet, the patient experiencing no 
trouble until 8 days afterward when the edges of the wound in the heart 
were suddenly forced apart and death resulted from tamponade. 

_ Long,-® in 1925, discussed at some length the mechanism of the produc- 
tion of tamponade. The possible mechanisms of closure of the parietal 
pericardial opening which prevents blood from escaping are; “ (1) A clot 
which is effective only when the blood pressure has fallen very low as a 
result of shock or hemorrhage. (2) Displacement of the myocardial open- 
ing so that it does not coincide with that in the pericardial. This occurs 
somewhat at each heart beat, and as hemopericardium is increased, the 
relation of the openings is further changed because the blood collects in 
the lateral and posterior recesses, thus crowding the heart forvmrd against 
the anterior portion of the sac. _ The greater the pressure behind the 
heart, and the less complete the diastole and systole, the more completely 
is the pericardial opening occluded; if it is in the anterior portion of the sac. 
(3) A small punctureof the pericardium mayaccompany an extensive myo- 
cardial opening, as, for example, impalement by a hatpin, upon nffiich. 
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the heart, by its own contractions, tear^ itself. (4) Heart tamponade is 
relatively more common and develops more rapidly in those cases in which 
neither pleural cavity is opened. The usual sliding of tissues obstructs 
the outlet.” If an opening in the pericardium is large and it connects with 
the pleural cavitj’’, tamponade will not occur. The patient will exliibit 
signs of hemorrhage and will have blood in the pleural cavity. 

Cohnheim,i3 in 1881, stated that the ligation of one of the coronary 
arteries induced immediate and fatal arrest of the heart in the dog. That 
this is incorrect is well borne out by clinical and experimental data. 
Porter,^® in his exliaustive research on dogs, showed that the fatal result 
in coronary artery ligation depended on the size of the artery. He per- 
formed a series of ligations on dogs; arrest never being observed after liga- 
tion of the septal branch alone; rarely observed (14%) with the right 
coronary artery; more frequently (28%) with the descending branch of 
the left coronary; and with the ^eatest frequency (64%) if the circumflex 
branch of the left coronary was ligated. It is also evident that the result- 
ing disturbances are less dangerous if these vessels are ligated at a distance 
from their origin. These factors can only be accounted for by the presence 
of a collateral circulation. Elkin^- had a case with severed coronary 
artery and the patient recovered. Electrocardiographic evidence of coro- 
nary occlusion did not appear until 36 hours after the accident. 

Classification of Heart Wounds. The following classification of wounds 
of the heart is a modification of that presented by Bigger® and Mayer.®^ 
Heart wounds may be classified into four groups: 

Group 1. Cases mth gunshot and other large perforating wounds 
winch produce severe injury. 

Grotip II. Cases with a lacerated epicardium only or a lacerated 
epicardium plus an incomplete laceration of the myocardium. 

Group III. Cases in which the missile has entered the chambers of 
the heart or a coronary vessel has been lacerated. 

Group IV, Cases with a pericardiopleural communication. 
Symptomatology and Physical Findings. In Group I the injury is usu- 
ally so severe that death occurs before surgical aid can be given. 

In Groups II and III the findings and symptoms are variable, depending 
upon the amount of bleeding and the rapidity with which tamponade 
occurs. Many of these cases show satisfactory progress without surgical 
intervention other than aspiration of the pericardial sac. 

The only physical signs which provide a definite diagnosis -are those of 
heart tamponade. The presence and position of the wound are usually 
such as to suggest cardiac injury. In tamponade, the circulatory collapse 
is out of proportion to the blood loss. There is respiratory distress and 
pallor with cyanosis. The blood pressure is usually low^ and may not be 
obtainable, but if it can be measured, the pulse, pressure is apt to be lower 
than is found even in the case of massive hemorrhage. Early the pulse 
rate is slow, but when tamponade persists for several hours,^ the pulse rate 
increases. Physical findings over the pericardium such as increased dull- 
ness and distant heart sounds, as well as venous stasis with distention m 
the neck and arm veins, is an aid in the diagnosis.^ The presrace of a 
water bottle contour to the heart shadow with diminution of the action 
of the heart as noted by fluoroscopy tends to confirm the diagnosis of 

tamponade. . . . 

In Group IV, with the pericardiopleural communication, there is a con- 
stant leakage of blood into the pleural cavity. The patient usually shows 
evidence of shock from marked hemorrhage. There is pallor without 
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cyanosis. The pulse is soft and rapid, and the blood pressure may be low 
or absent. There is profuse sweating and the body is cool. Conscious- 
ness is usually lost. It is in this group of cases that the diagnosis is fre- 
quently most difficult to make. 

Treatment. In 1868, Fischer^^ collected from the literature a series of 
452 cases of wounds of the heart with a mortality of 85 %. The treatment 
employed at that time was rest, venesection, application of leeches, and 
occasionally, when possible, the passage of a catheter or sound into the 
wound for evacuation of fluid from the pericardial cavity. 

In 1894, Del Vecchio^® following experimental work on dogs doubted the 
necessity for operative interference in the treatment of tamponade. He 
states, “death in cases of wounds of the heart seems to be chiefly due to 
pressure from the blood effused into the pericardial sac. Since this pressure 
is also a check to further hemorrhage, it is a doubtful question whether 
operative interference may not do more harm than good as far as the 
hemorrhage is concerned. Paracentesis may, however, be practiced to 
be followed if necessary by free incision of the pericardium." 

In 1928, Cox^® used a needle successfully to aspirate the pericardial sac 
following the reaccumulation of fluid postoperatively. In 1933, Singleton®® 
discussed a case in which 250 cc. of fluid was aspirated, and states, “follow- 
ing this the patient which had been moribund became tranquil, felt com- 
fortable and the circulation returned to normal. Without prompt relief 
from aspiration the patient would have died from heart compression.” 
Beekman® in the same year aspirated 100 cc. of blood and relieved the 
tamponade immediately; 9 hours later, however, the tamponade recurred 
and the patient was operated upon and recovered. 

From the above it is obvious that every person with cardiac tamponade 
need not be operated upon, as also stated by Blalock,® and by Graham, 
Bigger, Churchill and Eloesser.'*® This operation becomes imperative if 
tamponade persists. The aspiration of blood from the pericardial sac may 
be a life-saving procedure to reduce intrapericardial' pressure temporarily 
in those cases in which the patient has not been seen until a marked degree 
of cardiac tamponade has developed. Time may be obtained to make 
such preparations as are necessary for surgical intervention and the 
patient’s condition improved by aspiration. The fact that Fischer,®* in 
1868, reported an 85 % mortality, and McGuire and McGrath®® as late 
as 1937 a mortality of 82% in cases not operated upon, does not pre- 
suppose that conservative therapy is contraindicated in cases with tampo- 
nade when associated with watchful waiting and aspiration of the peri- 
cardial sac. 

In those cases with persistent bleeding and with pericardiopleural 
communication, operative intervention becomes imperative. In those 
cases with resulting tamponade, the blood should be aspirated from the 
pericardium by the costo-xyphoid route. If there is a recurrence of 
tamponade then exploration and cardiorrhaphy should be performed. 
Pericardiocentesis is an important adjunct in the treatment of cardiac 
wounds where tamponade is present. This simple form of therapy has 
too often been neglected. 

According to Blalock,® if intravenous fluids are given when tamponade 
is present, the blood pressure is not increased and the patient is not appre- 
ciably improved. From our experience in patients udth tamponade, if 
blood is forced into the veins rapidl 3 ’’ there is temporary’- improvement in 
the blood pressure. 
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Choice of an Anesthetic. Either local or inhalation anesthesia can be 
used for repair of heart wounds. Local anesthesia is more time-consuming. 
In addition, in patients who are alcoholic or uncooperative, the operation 
is associated with, greater difficulty under local anesthesia. Erequently 
when the pleural cavity is opened, the difficulty in controlling mediastinal 
shift and collapse of the lung is so great that successful continuation of 
the operation is impossible. In inhalation anesthesia the procedure can 
be carried out with more efficiency and increased rapidity, and in cases 
where the pleura is opened, positive pressure anesthesia is a great aid. 
Operation on a moribund patient without anesthesia should not be at- 
tempted as has been suggested. The same principles should pertain in 
carffiac injuries as in other acute surgical conditions. In the case of a 
moribund patient Avith tamponade, aspiration of the pericardial sac Avill 
decrease the surgical risk, and in cases where there has been marked blood 
loss, restoration of blood volume by transfusion is important. 

_ The Operative Treatment of CardiacWounds. The techniques for opera- 
tive approaches to the heart are many. Ihariation in the approach will 
depend on the pathology involved. In this paper Ave Avish to include only 
a brief resume of methods as related to the approach and repair of cardiac 
Avounds. More comprehensive surAmys are to be found in articles by 
Cutler and Beck,^*' j\Iatas,^^ and Shipley.^® 

Of the various methods, two types suffice; 

1. Parasternal incisions: These incisions are usually on the left side 
and may or may not enter the pleural cavity. They are grouped by 
Matas®^ as folloAvs; 

(а) Simple intercostal incisions Avhich do not iuAmlve the bony thorax 
and include only the soft parts. 

(б) Thoracotomy Avith excision of the costal cartilages and ribs. 

(c) Osteoplastic flaps AA'hich contain sections of both cartilages and ribs. 
These flaps may be in any direction and contain either the entire thickness 
of the Avail en jnassefor in layers. 

2. Median thoraco-abdominal incision of DuAml-Barast 3 ',^^ as used by 
Milton,® and Beck.^® The median incision not only exposes the heart 
completely, but also protects the pleural cavities. HoAvever, in traumatic 
Avounds AAffiere time is usually an important factor, the median incision aaIII 
be found to be time-consuming. 

The parasternal incision Ave haA^e used in our cases, AAffiether transpleural 
or extrapleural, is as folloAvs: A horse-shoe shaped incision is made over 
the left chest extending along the course of the third rib from the nipple 
line to the sternal margin. The incision is then carried along the left 
sternal margin to the fifth costal cartilage where it again extends to the 
nipple line over the fifth rib. The skin and pectoralis muscles are brought 
up in one flap exposing the costal cartilage and portions of the ribs. The 
costal cartilages of the third, fourth and fifth I'ibs, as Avell as portions of 
these ribs are removed, leaving the periosteum and perichondrium behind. 
If the pleura was preAuously opened by the stab wound, it is further 
incised exposing the pericardial sac. If the pleura is intact, it is gently 
pushed aAvay from the pericardial sac, thereby eliminating the danger of 
injury to the pleura during the operation. 

In most of our cases the heart has been exposed through a transpleural 
approach, under positive pressure anesthesia. This incision has allowed 
ample room for suture of the injuries to the left auricle and ventricle and 
in most cases of the right ventricle. In one instance, with a gunshot 
Avound of the right auricle, a right parasternal incision Avas used. 
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Many transpleural approaches were formerly discredited because of the 
risks and danger of the sudden admission of air into the pleural^ cavity. 
The use of positive pressure insufflation has diminished the operative risk. 
When the pleura is not involved, and there is no pneumothorax, opening 
the pleural cavity increases the operative risk moderately and should be 
avoided if possible. 

The pericardial sac, which has been thus exposed, is opened and the 
blood evacuated. There was little or no bleeding from the heart wound 
at operation in several of our cases when the ventricle alone had been 
perforated. Interrupted sutures of silk were used to seal the wounds, the 
long ends of the suture being gently used to steady the heart. The “ con- 
trol suture” in the apex as used by Warbasse^® in his experiments on dogs 
and more recently by Cutler and Beck“ were also used in a number of 
our cases. It should be pointed out, however, that if too great a traction 
is used on the control suture there will result persistent, even though 
slight, bleeding. 

In those cases in which a large defect in the heart is seen through the 
pericardial sac, the pericardium can be utilized to plug the opening and 
prevent the intermittent gushing of blood from the wound. The peri- 
cardium can then be incised a short distance from the control pressure 
point and the wound sutured. 

Pericardiocentesis has been performed for some time for diagnosis of 
pericardial effusion as well as for decompression in infectious processes. 
It has likemse been used in hemopericardium from traumatic heart 
wounds. Matas^^' referred to this procedure as a form of treatment of 
■ traumatic wounds of the heart with hemopericardium. This form of 
treatment has not been used as frequently as it should for fear of wounding 
the heart or coronary vessels with serious consequences. In the interest 
of obviating such dangers, many and varied types of needles or trocars 
have been devised. The site chosen for the introduction of the exploring 
needle should not injure the mammary vessels, pleura or the heart and at 
the same time provide a certainty of reaching the large collection of fluid 
in the most favorable position for aspiration. Numerous sites have been 
advised for this procedure. There are two sites we prefer for doing a 
paracentesis. In the xiphoid approach the needle enters the left xiphoid 
space at its extreme upper edge of the chondro-xiphoid angle. This offers 
greater advantages and less risk than any other method. The needle is 
driven obliquely upward and backward at this point so as to avoid the dia- 
phragm and enter the pericardial sac without touching the pleura or peri- 
toneum. In the other approach we have used, the needle is inserted into 
the sixth left intercostal space, close to the margin of the sternum. "iWien 
inserting the needle in either method, a gentle vacuum in the syringe 
should alwa 3 rs be present and the patient’s bed rest be in a semirecumbent 
position. The inability to aspirate fluid in the pericardial sac does not 
necessarily exclude the presence of fluid, as blood clots may be present 
to block the needle or the needle may not have been inserted properl 3 ^ 
Inasmuch as a high mortality and morbidity still exist in the care of 
cardiac wounds with tamponade, it becomes apparent that anj'^ procedure 
which can reduce this mortalitj’- should be given wider use. This is espe- 
ciallj’- true when slender knives, or ice picks are the causative agents. 
These wounds are usually 1 to 2.5 cm. in length and most often enter in 
an oblique direction through the heart musculature. These wounds have 
a tendency to seal off early ndth thrombus formation. This is possible 
when the blood accumulating in the pericardial sac compresses the wall 
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in the region of the wound and prevents continued bleeding. This has 
been a frequent observation in the cases we have explored. Following 
release of the tamponade during the operation, the heart was carefully 
examined and frequently the wound was not found until by digital manipu- 
lation the wound edges separated and some bleeding oceurred. We have 
also observed early thrombus formation at postmortem in one of our cases 
under observation in which there was no tamponade present. In another 
case, where a bullet tunnelled the musculature of the heart, no bleeding 
was evident when the tamponade was released. From these observations 
it becomes evident that before any operative proeedure is contemplated 
the pericardial sac should first be emptied and the patient watched for 
reaccumulation of fluid. It is necessary to keep these patients quiet for a 
few days in order to prevent the release of the early thrombus when under 
exertion. However, when a large object, such as a bullet, piece of shrapnel, 
or a wide butcher knife is the causative agent, operation will probably be 
the only life-saving procedure, and aspiration should be utilized to get 
the patient in better condition and to allow time for preparation for the 
operation. 

In our last 3 cases of stab wound of the heart with tamponade, aspira- 
tion was the only treatment necessary. Only one aspiration was neces- 
sary and all 3 patients responded nicely. 

Immediate Postoperative Complications From Heart Wounds. The post- 
operative complications either immediate or late may include any of the 
following: Coronary occlusion, pericarditis, pericardial effusion with 
tamponade, thrombosis with secondary emboli, ventricular fibrillation, 
hemothorax, hemopneumothorax, tension-pneumothorax, empyema, pneu- 
monia, atelectasis, and bacillus gas infection. 

The most important complications postoperatively in cases of cardior- 
rhaphy are infection and reaccumulation of fluid in the pericardial or 
pleural sac. If an opening is not left in the pericardium at the time of 
the operation, any fluid which may accumulate will not have an opportun- 
ity for exit into the pleural cavity or out through the external wound. 
Effusion into the pericardium is inevitable after an operative procedure 
on the heart and postoperative tamponade may oceur .if the pericardium 
is closed too tightly. "'ATiile a drain in the pericardium may obviate this, 
the presence of a drain does more harm than good and should not be used. 

In our experience the most frequent complications have been atelectasis 
and hydrothorax. We have had no cases with postoperative cardiac tam- 
ponade where the transpleural approach was used. With the pericardial 
sac loosely closed any drainage that takes place in the pericardial sac can 
escape freely into the pleural cavity. We have no cases with serious 
postoperative infection. Atelectasis ought to be watched for and treated 
early. In our series, bronchoscopic aspiration has been necessary in but 
2 instances. Hemothorax and hydrothorax have been our most common 
postoperative complications. This has caused no serious trouble as we 
have resorted to aspiration of the fluid when necessary. 

Late Postoperative Outlook. In 1925, Dshanelidze^® collected 535 cases 
(1896 to 1921) of cardiac trauma and analyzed the late postoperative 
results. Operations had been done for a stab wound in 402 cases, and for 
projectile injuries in 133. The immediaW mortality was 56 %. In 96.5 % 
of 113 cases traced for 2 months up to 18 years, the function of the heart 
did not seem to be impaired. Even prolonged complicating infection did 
not prevent satisfactory return of function. The location of the wound 
and operative technique seemed immaterial. The sutured heart passed 
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through infectious diseases, abuse of alcohol and tobacco, long operations 
and the strain of childbearing. The unfavorable outcome in 3.5% was 
due to aneurysm and adhesions. 

Cecchini,^’^ in 1925, discussed the follow-up study of 2 patients after a 
period of many years had elapsed since operation. One patient was re- 
examined by Cecchini who had had a stab wound of the heart sutured 

17 years before, and no evidence of cardiac impairment was found. He 
had received a report of good health from a similar second patient. 

Hesse,27 in 1925, compared 12 cases which he had followed for long 
periods after suture of the heart with 107 collected from the literature. 
The interval since the operative procedure ranged from 2 months to 

18 years. The earning capacity was unimpaired in 80.1 % and only 1.7% 
were disabled. The ultimate outcome was excellent and the general con- 
dition good even in 9 patients who had had purulent pericarditis. 

Noth,®® of the Department of Medicine of Wayne University, has fol- 
lowed 8 of our cases over a period of from 5 to 36 months. Five com- 
plained of a variety of indefinite symptoms and 3 had no symptoms 
referable to the heart. However, the latter all had abnormal electro- 
cardiograms, whereas 3 of the 5 patients with symptoms had normal 
tracings. Abnormal physical findings with reference to the heart were 
absent except in 1 patient with complicating hypertension and syphilis and 
in another who had a widely split first heart sound which coincided with 
prolongation of the P-R interval. No patient showed retraction of the 
ribs. Pulsus paradoxus was specifically noted as absent in 4 patients. 
Venous pressure was normal in the 7 patients examined in this regard. 

It is remarkable that patients who have suffered severe cardiac wounds 
have so few sequelae after recovery from their operative procedure. As a 
rule they are able to carry on their usual work with no impairment and 
from this standpoint repair of the injured heart gives very gratifying results. 
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DRUSEN (HYALINE BODIES) OF THE OPTIC DISK ' 

By H, P. Wagenek, M.D. 

For many years, in fact until very recently, “drusen” of the optic disk, 
also spoken of as hyaline bodies, colloid bodies, hyaline varicosities, granu- 
lar formations, globular masses and kalkdrusen, have been regarded 
essentially as ophthalmoscopic curiosities. In the earlier days, when 
ophthalmoscopic examinations were less frequently made without some 
definite indication of visual or ocular disturbances, drusen, when observed, 
were usually regarded as a part or residual of the intraocular or optic nerve 
disturbance which was responsible for the loss of vision. As ophthalmo- 
scopic studies became more universal in patients presenting themselves 
only for the correction of refractive errors or for general systemic and 
neurologic disorders, it became apparent that drusen were present at 
times in the optic, disks of apparently healthy individuals without other 
recognizable intraocular disease. It seemed logical to assume then that 
the drusen were congenital structural anomalies vdthout significance with 
respect to the diagnosis of systemic disease or to the future vision of the 
individual. Soon, it became obvious that in certain cases the drusen 
could produce or at least be associated with defects in the field of vision, 
and that these visual field defects might be progressive, possibly as the 
result of an increase in the number or size of the drusen. However, it 
was not until the publication of a paper by Reese*® in 1940 that a possible 
systemic significance of the drusen was suggested. 

Ophthalmoscopically, drusen appear usually as rounded, waxy, rather 
shiny or ghstening, more or less translucent bodies or nodules of varying 
size in the substance of the optic disk. They are most or best visible as a 
rule near the margins of the disk and at times may seem to lie in the disk 
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rings or in the marginal retina or 
They are variously described as 
or as mulberry-like or grape-lil 
impart a yellowish waxy color tc 
dary optic atrophy. This is pa „ 

surface of the disk. In the latter case they appear as nodular masses 
which may project into the vitreous; it is said as much as 14 diopters, it 
the drusen lie deeper within the substance of the papilla, they may cause 
an appearance of hyperemia or congestion of the disk with fulness and 
marginal blurring, and at times measurable elevation. Since such deep 
lying drusen are often hard to see, the diagnosis of choked disk or optic 
neuritis may be suggested at the initial examination. When the drusen 
lie mainly or extensively in the edges of the disks and overlap the marginal 
zones of the retina, the appearance may simulate that of peripapillary 
choroidal atrophy or choroiditis. Some of these various appearances have 
been illustrated recently in fundus photographs such as those in the 
articles by Reese*^ and by Rucker.>^ Rucker calls attention particularly 
to the field defects which have been noted from time to time by different 
authors as associated with drusen and probably caused by the pressure 
of the hyaline deposits on the nerve fibers. According to Rucker, the 
most characteristic field defects are enlargements of the physiologic blind 
spot, arcuate scotomas which may break through to the periphery or may 
be double and produce ring scotomas, and contractions of the peripheral 
fields, especially in the lower nasal quadrant. Drusen are usually bilateral 
butj they can be or at least appear to be unilateral, since they may be very- 
numerous in one disk and very scanty or essentially invisible in the other 
disk. Drusen can be observed at any age, the youngest reported case 
being 8 years old according to Duke-Elder,® who states, however, that 
they “ are more common in the aged and- in the presence of retinal disease.” 
It is perhaps more generally thought now that drusen are primarily con- 
genital formations though they can increase in size and number during 
the course of years. 

According to Duke-Elder,® “pathologically these bodies are made up of 
concentric laminations with no cellular structure or capsule, and frequently 
showing masses of calcification. The great majority of observers agree 
that their basis is a hyalin-like material , . . They are associated 
with no surrounding inflammatory reaction.” These were essentially the 
findings of de ScliAveinitz^® who reported one of the relatively few cases in 
which microscopic examination was made of clinically observed drusen. 
He_ described the drusen as “ compound hyaline bodies,” oval masses of 
whitish color composed of a series of smaller bodies in which the markings 
^vlth concentric lines was very distinct. He thought that the masses 
were probably cross-cuts of a ring of hyaline tissue with some calcareous 
deposits occupying the substance of the nerve head in advance of the 
lamina cribrosa, surrounding the central vessels, and not passing-beyond 
the outer margin of the papilla. The optic nerve showed well-marked 
atrophy, but de Schweinitz did not think that this was connected vdth 
the drusen formation. 


at least to overlap the margins of the disk, 
resembling frogs’ eggs or tapioca grains 
le clusters. If numerous, they seem to 
I the entire disk simulating that of secon- 
rticiilfl.rlv true if they lie near or on the 


Goldstein and Gnmer,® in 19.33, found drusen of the optic disk in one eve 
ot a patient who had chronic glomerulonephritis and died in uremia 

thfretin^^^M-' also some atypical pigmentary deposits in 

the retina _ Microscopically, the drusen appeared as a mass composed 
^ concentrically arranged layers hardng no cellular structure or capsule 
There was a definite central area of calcification and around Rs proSng 
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surface was a proliferating glial membrane which separated it from the 
surrounding retina and choroid. In this membrane were several discrete 
smaller masses of calcification. There" were no evidences of inflammation. 
The indiAudual components of the mass were concentrically placed lami- 
nated structures with a lumen. The authors called attention to the three 
outstanding theories advanced previous to this report, as to the patho- 
genesis of these hyaline deposits: (1) that they like the hyaline deposits 
in the lamina -\dtrea of the choroid are secreted from pigment epithelium 
which, in the case of drusen of the disk, has been misplaced on the papilla; 
(2) that they originate from exudate laid down in the nerve head by a 
previous inflammatory process; and (3) that they are derived from neu- 
roglia. Goldstein and Giimer favored the third theory since they found 
many hyaline deposits in the neuroglia itself. However, Duke-Elder 
stated ; “ All that can be said is that they seem to represent the deposition 
of a hyalin-like material because of some local metabolic disturbance of 
unknovm and probably varied etiology.” 

In. 1941, Samuels'^ reported the histopathologic characteristics of the 
drusen of the optic disk which he had encountered in the examination of 
20 enucleated eyes, 7 of which had been removed because of secondary 
glaucoma. In one case, a drusen was located just posterior to the lamina 
cribrosa in the trunk of the optic nerve. In all other cases, the drusen 
were located anterior to the lamina cribrosa. Only 4 showed calcification. 
Samuels classified the drusen into intrapapillary, epipapillary and circum- 
papillary or transitional. The majority of the drusen were intrapapillary, 
in the middle and deeper layers of the papillas, not near the "vitreous surface. 
In one case, however, the drusen were on the surface of the disk embedded 
in a glial membrane. “Evidentlj' these particular concretions were the 
product of a metaplastic process in new-formed neuroglia tissue.” The 
glial membrane was thought to be a part of the reaction to a perforating 
ulcer of the cornea. 

According to Samuels, drusen in the center of the papilla never show 
pigment. Drusen around the margin of the optic disk (circumpapillary 
or transitional drusen) may or may not show pigment. If they are non- 
pigmented, they may originate either from the papilla or from the retina. 
If they are pigmented, they arise from the pigment epithelium of the retina 
which has invaded the margin of the papilla. Samuels thinks apparently 
that atrophy of the optic nerve can be secondary to the presence of drusen. 
In his opinion drusen in the narrow unyielding sclerochoroidal canal 
would be more likely than those in the looser anterior tissues, to cause 
pressure atrophy of the nerve fibers and defects in the field of vision. He 
thought also that old calcified drusen might acquire a toxic and irritating 
effect on the nerve fibers. He regarded calcification as an indication of 
the greater age of the drusen. 

With regard to the nature and pathogenesis of drusen, Samuels stated, 
“It is likely that every druse starts with a deposit of minute globules of 
hyaline which fuse and then increase in size by successive accessions. 
Separate drusen may coalesce to form large ones, which for this reason 
have uneven surfaces.” He noted that glial cells may produce hyaline as 
shown by the finding of drusen in pme glial tissue on the surface of the 
retina and papilla. The mechanism of the formation of drusen was, he 
thought, an abnormal secretory acti\aty of the glial cells of the papilla 
under the influence of irritation. He called attention to the fact that the 
papilla is particularly prone to produce drusen in pigmentary degeneration 
of the retina and in secondary glaucoma leading to gliosis of the retina 
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and lie thought therefore that in many cases the drusen were the result of 
some local disease of long duration within the globe itself. He noted, 
however, that in some instances, drusen occurred in the otherwise normal 
eyes of young healthy individuals and he stated that “ there is probably a 
constitutional basis for such early spontaneous growths.” 

It is noteworthy that, prior to the publication by Reese, no mention is 
made, except by Lauber,^® in histopathologic descriptions of drusen of the 
optic disk of any definite associated cellular structures. Lauber noted 
that some large cells can be seen in close proximity to the smaller drusen. 
Apparently he did not attach any particular significance to these cells; 
but he noted some other cells which he thought were derived from the 
retinal pigment epithelium. Reese studied the histologic characteristics 
of the drusen found in the optic disks of 9 globes. Since these were found 
in a series of 893 enucleated eyes, Reese gives the probable incidence of 
drusen as 1 %. This would seem to be higher than the probable expected 
incidence of at least ophthalmoscopically visible drusen. Five of the eyes 
studied by Reese were removed because of absolute glaucoma, one each 
because of buphthalmos, hydrophthalmos, malignant melanoma of the 
choroid, and traumatic detachment of the retina. Reese considered that 
the drusen were entirely independent of the other lesions in the eyes. 
They had been observed ophthalmoscopically in the optic disk of the 
fellow healthy eye in one case. According to Reese, the lesions were 
sharply demarcated, at times by a thin glial capsule. The main mass 
of the lesion was composed of conglomerate smaller masses with glial septa 
between them. Daughter lesions occurred around the main one. The 
bulk of the lesion was made up of calcium and an amorphous material, 
either hyaline or a closely related substance. Sometimes the lesion 
appeared to be concentrically lamellated around a central focus or to be 
arranged in crystal sheets. , Cyst-like spaces appeared centrally in some 
lesions. Cellular elements were found immediately around or in the 
periphery of most but not all of the lesions. Cells with large oval nuelei 
tended to become shadow cells, then necrotic, and finally calcified within 
the lesion. Other cells had a large nucleus, distinct nucleolus, and a well- 
demarcated polygonal shaped protoplasmic border. Some of these cells 
contained a homogeneous refractile substance like that in the main lesion. 
Some of the smaller daughter areas resembled calcified cells. Reese 
thought that “the lesions represent a congenital excess of immature 
neuroglia which undergoes degeneration.” 

Reese noted the similarity between his findings and the histologic 
characteristics of the lesions found in the retina and optic disk in cases of 
tuberous sclerosis. Messinger and Clarke'® studied the tumor on the optic 
disk in a case which showed at necropsy typical lesions of tuberous sclero- 
sis, multiple tumors of the brain, rhabdomyoma of the heart, lipofibromas 
of the kidneys, adenoma sebaceum of the Pringle type, and in the right , 
eye a single, raised whitish tumor, 3 mm. in diameter, which covered the 
upper and inner two-thirds of the optic disk. The tumor involved all 
the layers of the retina and invaded a portion of the optic nerve. In the 
center of the tumor was a large irregular mass of ossification and around 
this were concretions containing calcium. At the periphery of the tumor 
was a thin layer of polymorphic tumor cells -with indistinct boundaries 
and the suggestion of a sjmeytium. The cells had round or oval vesicular 
nuclei vuth a single nucleolus. The cells showed some vacuolation and 
some thick processes, some of which contained short fine glia fibrils. 

According to Messinger and Clarke, only 4 histopathologic descriptions 
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of the retinal or disk lesions in tuberous sclerosis had been published pre- 
viously. Schob^^ considered them to be gliomatous tumors. Feriz"* called 
them atypical neuroglia-like tissue. Kuchenmeister® found cells of vary- 
ing type and shape and new-formed glial fibers. Van der Hoeve'® sug- 
gested that the cells were descendants of the first anlage of the retina, 
neurocytes which had not differentiated into glia or ganglion cells or 
“glia neurocytes.” He presumed that the tumors originated from em- 
bryonic cell rests and called them phakomata. In Messinger and Clarke’s 
case, Ida Mann thought that the tumor developed or began to develop 
during the second stage of retinal differentiation (between the 6th week 
and the 3rd month of embryonal development) from glia cells of the inner 
neuroblastic layer with possibly a few undifferentiated ganglion and ama- 
crine cells included. Messinger and Clarke were inclined to classify their 
tumor as a gliomatous hamartoma. Koch and Walsh® expressed the 
opinion that “the disease entity, tuberous sclerosis, appears to be the 
result of a developmental anomaly commencing early in fetal life and 
eventuating in widespread metaplasia which affects chiefly the ectodermal 
tissues but vdth subsequent prevalence of both mesodermal and entodermal 
derivatives.” 

Grinker’^ had suggested that the retinal tumors in tuberous sclerosis 
were probably astroblastic neoplasms of low growth potentialities. Tarlan 
stated that, in collaboration with McGrath, he had found, in a tumor of 
the optic nerve in a case of tuberous sclerosis, glial fibrils, absence of neuro- 
fibrillre and typical perivascular feet. He considered that these findings 
proved that the tumor was an astroblastoma. He thought that the cells 
found by Reese bore a striking resemblance to astroblasts and he said, 
“ While it is of course true that there is an urgent need for careful histo- 
logic study -with differential staining, the evidence at hand certainly 
suggests that Dr. Reese’s tumors are also astroblastic neoplasms of low 
growth potentialities and that they are at least related to, if not identical 
with, the manifestations of tuberous sclerosis.” Reese himself thought 
that aside from the bone formation, his cases of drusen presented the 
same pathologic picture as that described by Messinger and Clarke in 
their tumor of the disk. Verhoeff®^ has noted ossification in drusen of 
the disk. Clinically, there is undoubtedly considerable similarity in 
appearance between hyaline bodies and the nodules making up the retinal 
and disk masses in tuberous sclerosis. 

Reese concluded that “the findings in this study indicate that drusen 
of the optic nerve are a feature of the congenital developmental anomaly 
known as tuberous sclerosis. They may appear as a part of the fully 
developed protean disease but more frequently are seen as one of its many 
clinical variants or formes fruste§.” He stated that van der Hoeve*® 
found a typical retinal tumor wthout any other manifestation of the 
, disease in one member of a family in which siblings had had typical tuber- 
ous sclerosis. The classical clinical picture of tuberous sclerosis is mental 
deficiency, epilepsy, and adenoma sebaceum. Reese called attention to 
the well-recognized fact that disorders of the nervous system of one sort 
dr the other are rather common in individuals who show drusen in- the 
optic disk. In 18 of the 54 cases reported in the literature which Reese 
^e^^ewed, there were mentioned such findings as convulsions, psychosis, 
disturbances of gait or speech, hydrocephalus, or papilledema. Renal 
dysfunction was noted in 7 cases, he, art disease in 2, otlier congenital 
anomalies of the eye in 5, and retinitis pigmentosa in 7 cases. 

Though instability of the nervous system is often striking in individuals 
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presenting drusen of the optic disk and in members of their immediate 
family, it must be remembered that actual organic c erebral disease of the 
type seen in tuberous sclerosis has not as yet been definitely demonstrated 
in association with typical simple drusen of the disks. Small areas of 
cerebral calcification such as are seen in roentgenograms of the head in 
cases of tuberous sclerosis have not been demonstrated in association vdth 
drusen. Among the 3 clinically observed cases reported by Reese, exam- 
ination of the nervous system was not carried out in 1 and yielded negative 
results in 2. Roentgenograms of the head were negative in 2 cases and 
a ventriculogram was negative in 1. Pneumoencephalograms were nega- 
■ tive in 2 cases reported by Schlezinger, Waldman and Alpers.^® In one of 
these cases, an electroencephalogram showed showers of sharp and slow 
wave formations in the left frontal and parietal areas which were of ques- 
tionable significance. 

Electroencephalograms have been done at the Mayo Clinic on 6 patients 
who had drusen in the optic disks. The results were interesting though 
probably not clinically significant. Two were reported as essentially 
normal. In one of these patients, an electroencephalogram done pre- 
viously elsewhere was said to show some dysrhythmia. At the time of our 
examination there was slight delta activity in the right temporal area. 
In a third patient who presented a post-head injury syndrome, the electro- 
encephalogram gave a low potential record but was otherwise negative. 
A pneumoencephalogram was normal. In the fourth case, the electro- 
encephalogram showed some dysrhythmia; in the fifth, dysrhythmia and 
bilateral occipital delta activity Grade 1 to 2, and in the sixth, generalized 
dysrhythmia. The fifth patient, in whom the drusen were unilateral, had 
no presenting complaints except myopia. The electroencephalographic 
findings, the appearance of the optic disks, and the field defect, an inferior 
arcuate scotoma, had remained unchanged at the end of 9 months. In 
all these cases except the sixth, roentgenograms of the head were normal. 
In the sixth case, the sella was enlarged and the dorsum eroded. In 3 of 
the cases, examination of the central nervous system was objectively 
normal. One of the patients presented an Adie’s syndrome, one had 
syphilis of the central nervous system with positive serology in the spinal 
fluid, and the sixth had, along with emotional instability, ■ signs of an 
organic brain disorder of indeterminate nature mainly in the cerebellum. 

So far as I have been able to determine there have been no reports in 
cases of drusen in the disks of histologic changes in the brain similar to 
those found in tuberous sclerosis. In Lauber’s case, the brain was said 
to be normal; the optic nerve was atrophic. In the case reported by 
de Schweinitz,^® the patient had had mental symptoms and the brain was 
said to show ependymitis with ventricular dilatation. The optic nerves 
were atrophic. However, there were no histopathologic changes de- 
monstrable in the brain substance or in the other cranial nerves. In 
de Schweinitz’s opinion, the negative findings in the brain and in the 
other cranial nerves indicated that the formation of drusen in the optic 
disk is a purely local process, the nature of which is unknown. He did 
not think that the drusen were produced by the process which caused the 
atrophy of the optic nerves. 

As noted by Reese,*® tuberous sclerosis is a heredofamilial disease. Duke- 
Elder states that it has been observed in identical tft-ins and that it has 
been reported in three generations of one family. Drusen of the optic 
disk also have been observed to have familial and hereditary incidence. 
Lauber*® observed drusen of the disk in a mother and 2 daughters. Ancke’- 
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found them in several members of two families in association with retinitis 
pigmentosa. On the basis of his observations in two families^ Braun^ con- 
sidered the tendency to drusen formation to be an hereditary dominant. 
He found drusen in a mother and one daughter and one son. In the other 
family group reported, the findings were somewhat questionable. Leim- 
gruber^^ reported his observations on drusen of the optic disks among the 
members of five families. In Family 1, drusen were found in 6 out of 
9 sisters and brothers and also in 2 of their children. In Familj'^ 2, drusen 
w'ere seen in 2 sisters; in Familj'- 3, in 2 brothers, and in Family 4, in 
identical twins. In Family 5, a woman and her son were affected. 

Although it cannot be considered to be definitely proved at present" 
that drusen of the optic disk are really slow growing astroblastomas of 
hereditary and familial occurrence and that they represent a variant of 
tuberous sclerosis, the eiudenee -presented is at least suggestive and 
intriguing and warrants further study and investigation. For as Reese 
points out, “ If this conclusion is correct, drusen of the optic nerve assume 
new significance as a familial developmental defect which is frequently 
associated in the patient, in his progenitors, in siblings, or in offspring 
with serious involvement of the central ner\'ous system, and rarely, with 
renal and cardiac lesions.” 
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Clinical Roentgenology of the Digestive Tract. By Maurice Feld- 
man, M.D., Assistant Professor of Gastroenterology, Univ. of Maryland; 
Assistant in Gastroenterology, Mercy Hospital; Consulting Roentgenologist, 
Sinai Hospital. Second Ed. Pp. 769; 550 figs. Baltimore; Williams & 
Wilkins, 1945. Price, $7.00. 

The 2nd edition of this book is exactly what its title indicates. The author 
has provided in a unique way not only pertinent roentgenologic diagnostic 
criteria but has included the clinical considerations as well. Such a book is of 
extreme value not only to the clinician doing his own Roentgen studies of the 
gastro-intestinal tract but to the medical radiologist as well. In almost eveiy 
lesion the author considers the incidence, the etiology, symptoms, pathologic 
manifestation of the primary lesion and any, complication thereof. Such a 
book provides for the radiologist a quick reference book and the book can be 
resorted to as a reference book in the true sense of the word. The author has 
quoted from many publications. 

The book is profusely illustrated and there are a number of pen and pencil 
drawings. Likewise the author has included in addition to the usual and more 
frequent gastro-intestinal lesions, a number of the various anomalies and rare 
conditions. 

The publisher is to be congratulated^on the type of paper that has been used 
and the excellence of the printing and illustrations. E. P. 


Penicillin Therapy Including Thyrothricin and Other Antibiotic Therapy. 

By John A. Kolmer, M.S., M.D., Dh.P.H., Sc.D., LL.D., L.H.D., F.A.C.P., 

Professor of Medicine in the School of Medicine and the School of Dentistry, 

Temple Univ.; Director of the Research Institute of Cutaneous Medicine; 

Formerly Professor of Pathology and Bacteriology, Graduate School of 

Medicine, Univ. of Pennsylvania. Pp. 302; 22 figs. New York: London: 

Appleton-Century, 1945. 

Now that penicillin has become available commercially as a therapeutic 
agent, there is a need for a clear statement of its pharmacodynamics, the 
indications and contraindications for its use, and the methods available for 
its administration. Dr. Kolmer’s book fulfils this need as well as our present 
knowledge jiermits. As he points out, it is amazing and pleasant to realize 
that penicillin has progressed in 4 years from a bacteriologic curiosity to the 
most powerful weapon of the modern therapeutic armamentarium. In the 
monograph, his approach has been a review of all of the most important 
articles in the literature on the subject of penicillin. Coverage of the literature 
has been complete but not redundant, ranging from a consideration of the 
optimal media on which the mold has been grown to the manifold clinical 
uses of penicillin. Dr. Kolmer's review is completely up-to-date, as is shown 
by his inclusion of the latest literature on the oral administration of penicillin 
and on penicillin F., G., and X. with references as late as 1945. 

This work is of especial interest to laboratory men, since all of present 
acceptable methods of detection and assay have been well described, and he 
has discussed those physical and chemical properties that necessitate .special 
handling of the drug. 

Most clinicians are well aware of the more important indications for the use 
of penicillin, but the modes of administration other than intramuscular are 
often seriously neglected. Examples of this are the failure to use intrapleural 
penicillin in empyema and intracisternal penicillin in the severe meningitides. 

VOL. 210, NO. 2 — AtTGIJST, 1945 10 
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These techniques along with proper dosage schedules are thoroughly covered. 
As indicated by the title, the book includes an adequate account of the other 
important antibiotics such as streptomycin and thyrothricin now under experi- 
mental and therapeutic consideration. 

Dr. Kolmer’s work provides an excellent summary of a field in which the 
accumulated literature has become too voluminous for most of us to cover. 
This volume should be of great importance to all medical men whether they 
be students, general practitioners, surgeons, internists or laboratory men. 

R. M. 


Mass Radiography of the Chest. By Herman E. Hilleboe, M.D., 
Medical Director, Chief, Tuberculosis Control Division, U. S. P. H. S.; 
Professorial Lecturer on Tuberculosis Control, George Washington Univ. 
School of Medicine, Washington, D. C.; and Russell H. Morgan, M.D., 
Surgeon (R), Medical Officer-in-Charge, Radiology Section, Tuberculosis 
Control Division, U. S. P. H. S. Pp. 288; 93 figs. Chicago: Year Book 
Publishers, 1945. Price, S3.50. 

This little manual of 13 chapters is one of the real .contributions ito medicine. 
Although our knowledge in tuberculosis has increased in many ways, no real 
contribution has been made in the field of prevention. There is no specific 
cure or any effective immunizing agent against the disease. The development 
of mass radiography of the chest has provided a method whereby it has become 
possible to discover the sources of the infection and thereby render it possible 
for each community to make a direct attack upon the tuberculosis problem. 

There are no two men in the world who have contributed more to this 
subject and to the development of the methods of mass radiography than 
have Drs. Hilleboe and Morgan. Through their intelligent efforts, the world 
is being provided with a jirogram which should largely eradicate tuberculosis. 

For anyone interested in this subject, and it should be of interest to all 
medical men as well as all public health physicians, Drs. Hilleboe and Morgan 
have, in a comprehensive way, written an effective manual on the objectives 
of tuberculosis control; the community planning of such a program; con- 
siderations about the equipment to be used; the Roentgen technique of a 
mass radiography; considerations concerned with the Roentgen diagnosis of 
lesions in the chest and other important items concerned with such an under- 
taking. 

Some of these observations have been made by others as well as by the 
authors; but for the most part, this manual is the first comprehensive treatise 
on this subject and one finds it difficult not to be too enthusiastic. 

The pubhsher is to be congratulated on the general make-up of the manual, 
the illustrations, the paper and the printing. This is a book that should be 
of interest to every physician. E. P. 

The New-born Infant. A Manual of Obstetrical Pediatrics. By Ejibrson 
L. Stone, M.D., Associate Chnical Professor of Obstetrics and Gynecolo^, 
School of Medicine, Yale Univ.; Attending Obstetrician and Gynecologist 
to The New Haven Hosp. Third Ed. Pp. 314. Philadelphia: Lea & 
Febiger, 1945. Price, S3. 25. 

This handy monograph discusses clearly and coiiiprehensively the problems 
of nursing care, feeffing and feeding disorders, birth injuries, infections and 
disorders of specific organ systems as they present themselves in the neonatel 
period. The contents are well organized and up-to-date and reflect the 
modern point of view. One may question the propriety of advocating toilet 
training as earlj’' as 2 weeks of age, or of giAung the vitamin C content of orange 
juice in terms of “units” rather than milligrams. This edition appears to 
have gone to press prior to the discoverj”^ of the relationship of maternal. 
German measles to infantile malformations and of prematurity to eye lesions, 
but the Rh factor and the relationship between diabetes in the mother and 
cardiac enlargement receive specific mention. 
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Every obstetrician, pediatrician and general practitioner who assumes 
responsibility for the care of newborn infants, whether in nurseries or private 
homes, should have at his finger-tips the information contained in this handy 
volume. I- W. 


Marihuana Problems— in the City of New York. Sociological, Medical, 
Psychological and Pharmacological Studies. By the Mayor's Committee 
on Marihuana. Pp. 220. Lancaster; Jaques Cattell, 1944. Price, S2.50. 
This monograph is the result of a study carried out by the Mayor's Com- 
mittee of the City of New York in response to rumors that marihuana smoking 
was common among large segments of the city population and was even 
indulged in by school children. The study reveals that the assertions leading 
to the study were exaggerated; but the medical profession and the general 
population have profited by a serious investigation of the sociologic, medical, 
psychologic and pharmacologic features of marihuana smoking. Among the 
significant conclusions of the study are that marihuana smoking does not lead 
to addiction in the medical sense of the word; that it does not lead to heroin, 
morphine or cocaine addiction; that it is not the determining factor in the 
commission of crimes; that it is not widespread among school children; and 
that juvenile dehnquency is not associated with the practice of smoking 
marihuana. Body steadiness and hand steadiness are most seriously affected 
by the drug. Psychologic studies reveal that marihuana induces feelings of 
relaxation, disinhibition, and self-confidence. The studies of the phanna- 
cologic action of the drug are extensive and well done. 

The investigation has been thorough and inclusive and constitutes a serious 
contribution to the effects of marihuana on the body and emotions. It can 
be recommended highly to social workers, physicians, and lay readers. 


Infants and Children. Their Feeding and Growth. By Frederic _H. 

Bartlett, M.D., Attending Pediatrician, Babies' Hosp., New York City. 

Sixteenth Ed. Pp. 428. New York: Farrar & Rinehart, 1945. Price, 

$ 2 . 00 . 

Any book for parents which passes through 16 printings in 13 years must 
have a popular appeal and meet a mass need. This well-known one by 
Bartlett is full of instructions on the common every-day problems of infant 
and child rearing. Its distinctive quality is its lively conversational style. 
The information is broad in scope and sound in character, yet not so meticulous 
and detailed that the layman will be tempted to use it as a substitute for 
skilled medical supervision. I. W. 


The Examination of Reflexes. By Robert W.artenberg, M.D. Fore- 
word by Foster Kennedy, M.D. Pp. 222. Chicago: Year Book Publ., 
1945. Price, $2.50. 

A SYSTEMATIC sjTithesis of some of the numerous deep muscle reflexes is 
presented. Twenty-five muscle reflexes are critically described and dis- 
cussed, from the orbicularis oculi reflex to the distant toe flexor reflex. The 
author's basic principles are as follows; 

The most important reflexive stimulus for the muscle consists of a sudden, 
brief concussion and stretching of the muscle tissue. The contraction of a 
muscle on being stretched may exist in latent form and become apparent only 
when there is a functional or an organic increase in muscle tonus. Since con- 
cussion of the muscle and its stretching constitutes the true cause of the 
deep muscle reflex, the point from which the response may be achieved is not 
essential. Every muscle crosses one or more joints" and is comparable there- 
fore to a tautly-drawn bowstring. Sudden stretching of such a string may 
be achieved by a force acting either on the plane or on the convex side of the 
bow mechanism. Therefore, the possibility of elicitation of a deep muscle 
reflex Ijy striking the bone offers much to the comprehension of many misun- 
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derstood and misnamed reflex phenomena. The transmission of concussion 
through the bone makes it understandable that under favorable conditions a 
single tap vdth the reflex hammer may affect several functionally different 
muscles and thus evoke multiple, but completely independent, unrelated 
reflexes. A reflex should be named according to the acting muscle, not accord- 
ing to the point of stimulation. For a given reflex the muscle is always the 
same, but the place of stimulation may vary considerably. The term tendon 
reflexes should not be used because stimulation of the tendon cannot evoke 
anj’- reflex action unless the muscle tissue is influenced through the tendon. 
There is no such thing as a tendon stretch reflex. The same applies to so- 
called bone, periosteal, osteoperiosteal, osteo-tendon, joint, fascial reflexes. 
Reflexes which do not fit into the regular reflex pattern are often called para- 
doxic, inverted or antagonistic. There is nothing paradoxic about them; 
they are simply occasional forms of well-known deep reflexes appearing under 
certain conditions and depending on particular techniques applied in their 
elicitation. 

In the foregoing manner. Dr. Wartenberg indicates the premises on which 
his physiologic approach to the muscle reflex problem is made. Carefully 
worded description of method and technique is adhered to throughout the 
monograph. Every student of the subject should find the book interesting, 
stimulating and thought-provoking. A. 0. 


Diseases of the Nervous System in Infancy, Childhood and Adoles- 
cence. By Frank R. Ford, M.D., Associate Professor of Neurologjq 
Johns Hopkins Univ. Second Ed. Pp. 1143. Springfield, 111.: Thomas, 
1944. Price, S12.50. 

In its new and expanded form. Ford’s text-book maintains its preeminent 
position. Every disease of childhood which may have nervous system com- 
plications is specifically mentioned, and of course those conditions which are 
primarily neurologic in character receive full discussion. Child psychiatry is 
■vvisel3’' not included. The classification of subjects is by etiology rather than 
by organ systems, with 2 excellent introductory chapters on examination and 
clinical anatomy and physiology. Every doctor— whether pediatrician, neu- 
rologist, internist or general practitioner — who has to cope with child patients 
ill with nervous system diseases, would be wise to own and use this book as a 
desktop reference. - I. W. 


Foster Home Care of Mental Patients. By Hester B. Crutcher 
Director of Social Work, State of New York, Department of Mental Hygiene. 
Foreword by Arthur H. Ruggles, M.D. Pp. 199. New York: Com- 
monwealth Fund, 1944. Price, S2.00. 

This unusually valuable treatise tells how the mentally ill may receive 
excellent extramural care. Two methods are employed; the colony plan and 
the district plan wherein the patients are scattered. The sites of choice for 
foster homes are small towns or suitable country locations._ _The various 
chapters discuss Family Care; Its Meaning and Values; Administration and 
Results of Family Care; Family Care as a Therapeutic Procedure; Selection 
of Patients; Selection of Homes; Supervision of Patients; Two Methods of 
Organizing Family Care; Some Case Histories; Suggested Forms and Pro- 
C6(ivir6s. 

There is also an Appendix on Family Care Programs in the United States. 
Patients may be selected from the prsecox group; senile subjects who only 
require individual attention and kindness; those whose dissatisfactions with 
hospital treatment decrease with family care; those unable to adjust outside 
the hospital; those with* paranoid trends impossible to adjust among former 
associates; those having emotional needs met and security somewhat restored 
by family care. Among those who should not be permitted such freedom 
are subjects who become excited, noisy and violent, suicidal, homicidal, those 
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with erotic tendencies or who attempt to escape, and alcoholic and narcotic 
addicts. To the colonists come the advantages of home comforts, normal 
associations, greater freedom and suitable work. The foster families obtain 
fuller economic security. Fewer buildings would lessen the taxpayers’ burden. 
Still another advantage — promotion of a better understanding among the 
public toward mental patients, of whom it is sometimes too fearful. 

N. Y. 


Immuno-catalysis. By M. G. Sevag, Ph.D., Assistant Professor of Bio- 
chemistry in Bacteriology, Department of Bacteriology^ School of Medicine, 
Univ. of Pennsylvania. With a Preface by Stuart Mudd, M.A., M.D., 
Professor of Bacteriology’’, Univ. of Pennsylvania. Pp. 272. Springfield, 
111.; Thomas, 1945. Price, S4.50. 

The author has written a very stimulating treatise which will undoubtedly’ 
arouse mixed emotions in its readers. Starting with the concept that specific 
antibody’ formation is essentially a catalytic or enzyme process, the author 
has collected and integrated an imposing mass of information. Thus antigens 
are treated as specific enzymes, antibody precursors as enzyme substrates, and 
antibodies as specific enzyme inhibitors. Although this idea has been ex- 
pressed before, here for the first time is an attempt to demonstrate conclu- 
sively that the facts fit the criteria of ideal catalysis. As a further extension 
of this concept the author states: “If . . . we define an enzyme as any 
protein capable of performing a specialized physiological function in accordance 
with the well known criteria of ideal catalysis, a comprehensive theory of 
biocatalysis is provided which links antigens, enzymes, vitamins and hormones 
and possibly other still unknown substances of siniilar role.” With this con- 
cept many will disagree, as the author freely admits. The term enzyme has 
served in the past as a useful description of proteins which are capable of 
initiating or stimulating specific catalytic processes in isolated or in vitro 
systems as well as in the complex living organism. To include in this category 
all proteins exerting a specific biologic effect in the living organism is decidedly 
a new concept. The Reviewer has no doubt that a splinter driven into the 
hand will elicit a specific response and might therefore be reasonably called a 
biocatalyst or even an enzyme. Also, there is surely no need to restrict this 
all inclusive generalization to proteins. However, this extension of Sevag’s 
ideas to what may appear to be an absurdity does not alter the fact that 
perhaps the time has come to revise our concepts if only to bring about and 
stimulate new thought. 

The work is divided into 5 main parts: I. Antigens as Biocatalysts; II. 
Antibody as a Specific Enzyme Inhibitor; III. Anti-enzyme Immunity; 
IV. Immunity Against Bacterial Enzymes; V. The Problem of Antibody 
Formation Against Respiratory Enzymes. There is considerable discussion 
of such interesting topics as antibodies against hydrolytic enzymes, snake 
venoms, toxins, hemolysins, fibrolysin, hyaluronidase and the relation of these 
phenomena to the problems of infectious disease. 

The book is well written; the printing and binding are excellent. There 
are a few errors in the organic structures and some loose usage of the terms 
tautomerism, stereoisomerism, and geometric isomerism. The diagram illus- 
trating the mutarotation of glucose (p. 25) is confusing. These are, however, 
minor errors which will undoubtedly be corrected in subsequent editions. 

This book will be of interest to bacteriologists, immunologists and bio- 
chemists. Biochemists, in particular, will find here a stimulating and fertile 
field for research. It is only fair to state that the underlying concept, based 
as it is upon chemical principles, is nevertheless a convenient theory and not 
an accepted fact. Used with reservations, it can serve as a stimulus for new 
ideas; accepted blindly and without critical judgment, it may lead the unwarv 
into a morass of confusion. It is to the author’s credit that he has courageously 
set forth a challenge and defended it skilfully and honestly. S. G. ' 
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Microbial Antagonisms and Antibiotic Substances. By Selman A. 

Waksman, Professor of Microbiology, Rutgers Univ.; Microbiologist, New 

Jersey Agricultural Experiment Station. Pp. 350 + IX. New York: 

Commonwealth Fund, 1945. Price, $3.75. 

This book, the first on the subject of antibiotics, appears at an opportune 
time to be helpful to those interested in the subject. The material is presented 
from the biologic viewpoint in a scholarly manner. It compiles and organizes 
the information on antibiotics. The book describes methods for searching 
for organisms which show bacterial antagonism, methods for producing anti- 
bacterial substances, testing their action against microorganisms and deter- 
mining possible therapeutic uses. The properties of many antibiotic sub- 
stances are discussed. The book contains a classification of many antibiotics 
according to the microorganisms producing them, a glossary of terms used 
in describing antibiotics, an index of microorganisms cited in the text, a very 
complete general index and a valuable bibliography of over 1000 citations of 
the literature. H. M. 


Modern Psychiatry. By William S. Sadler, M.D., F;A.P.A., Chicago, 

Cjonsulting Psychiatrist to Columbus Hosp.; Consultant in Psychiatry, The 

K. W. Kellogg Foundation; Fellow of the American Psychiatric Association; 

Member of the American Psychopathologic Association. Pp. 869. St. 

Louis: Mosbj', 1945. Price, $10.00. 

Coining the word personology, and asserting it should be in the dictionary, 
the writer proceeds to explain the difficulties human beings have in adjusting 
themselves to life. The book is for general practitioners, specialists and 
psychiatrists, and considers the problems of personality maladjustment, the 
ps 3 ’’choneuroses and psj'choses. Its purpose is “ a ready and compact reference 
book for diagnosis and immediate treatment.” The Introduction is given 
over entirely to • Psychosomatic Medicine which includes about 25 % of the 
patients who visit physicians. Its 61 chapters are discussed in 4 parts: 
Personality Problems, The Psychoneuroses, The Psychoses, and General 
Psychotherapeutics which is given considerable space. The manic-depressive 
psychoses are accorded more space than any other subject, with the writer 
saxung they result from inherent defects in the nervous system and the meta- 
bolic mechanism. A subdivision is manias, depressions and mixed states, 
each of which undergoes a further subdivision. Among^ the important hyp- 
notics are sodium amytal and paraldehyde, the former being preferable. It is 
believed a manic attack can be shortened by deep continuous narcosis with 
sodium amytal. The schizophrenic reaction type presents the real mystery 
in psychiatry, with 40,000 new patients occurring annually in the United 
States, and which constitute about 50% of institution population. When 
early treatment is instituted, the prognosis is more favorable than fomierly. 
Shock therapy and massive doses of sodium amytal are proving of distinct 
use. Speaking of the psychoneuroses, the writer estimates that half the 
patients seen in general practice show more or less neurotic^ disturbances. 
“ Never forget! The average neurotic patient does not really desire to be cured 
of his neuroticism — he merely wants to secure relief from his numerous dis- 
tressing and disabling symptoms." After telling of some 15 other theories as 
to the causes of the neuroses, the writer gives what he terms the Comprehen- 
sive Working Theory, embracing at least 3 constant and ever-interlacing 
factors: (1) Emotional conflict of some sort. (2) Hyperirritabilit 3 ' of the 
vegetative nervous system. (3) Functional and associated endocrine dis- 
turbances of varying and ever-changing nature. As to the inferiority comply, 
stress is laid on the fact that often in early life parents unwittingly cause the 
child to feel his inferiority; also,- a state of chronic discouragement may super- 
vene if too much is expected of the child. The value of narco-anal 3 'sis of 
Horsley and others is given scant consideration. In an Appendix the schools 
of psychiatry are discussed and a Glossary of 34 pages is included. -The text 
covers a vast expanse in ps 3 '^chiatry and is replete with valuable information 
and stimulating suggestions. ‘ N. 1 . 
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The Reticdlo-endothelial System in Sulfonamide Activity. By Frank 
Thomas Maher, Ph.D., Assistant Professor of Pharmacognosy and Pharma- 
cology. Contribution from the Dept, of Pharmacology, Materia Medica, 
and Therapeutics in the College of Medicine. Pp. 232; numerous figs, and 
tables. Urbana, 111.; The Univ. of Illinois Press, 1944. Price, §2.50. 

This comprises the first 2 numbers of Volume V of University of Illinois 
Medical and Dental Monographs. It consists of a compilation of the liter- 
ature bearing on the sulfonamides up to the end of 1941 and a report of 
the author’s own experiments on the influence of blockade of the reticulo- 
endothelial system (by thorotrast) on the life-saving effects of sulfanilamide 
and sulfathiazole in rabbits inoculated with streptococci and staphylococci. 
The results support the general belief that body defense mechanisms play a 
determining role in sulfonamide therapy, but they contribute nothing to an 
understanding of the factors involved either in the drug action or in the func- 
tions of the reticulo-endothelial system. The presentation is extremely de- 
tailed and unnecessarily repetitious. The discussions take no account of the 
work done in this field since 1941 and therefore have more historical than cur- 
rent importance. G. S. 


Medic.'vl Clinics of North America. Chicago Number, _ January 1945. 

Symposium on Neuropsychiatric Diseases. Pp. 271. Phila.: Saunders. 

Price, S16.00, year. 

The selection of topics for this symposium was timely. “Discs” are fre- 
quently seen in industry and combat operations. Peripheral nerve injury is 
being inflected too frequently on every battle front. Likewise the Guillian- 
Barr4 syndrome is being seen in almost epidemic proportions. The under- 
standing of the psychiatric approach to criminology needs more stress. 

The articles are presented clearly, with the possible exception of the 
Modern Concept of Schizophrenia. Only a few omissions can be noted, such 
as the lack of stress on facial diplegia as part of the Guillian-Barr4 syndrome 
and the importance of overlap in peripheral nerve distribution. The electrical 
reaction of injured nerves was not too clearly put. Especially well presented 
in the excellent style of the author were the facial pain article by Dr. Walker, 
subdural hematoma by Dr. Oldberg, insomnia by Dr. Solomon and cordotomy 
by Dr. Verbrugghen. The articles on myasthenia and periarteritis reviewed 
the important points in the literature. Electro-shock to out-patients is 
interesting and well analyzed. This number of the Clinics is a valuable 
contribution. J. T. 


The Hum.\n Mind. By Karl A. Menningbb, M.D. Third Ed. Pp. 517; 

15 figures. New York: Alfred A. Knopf, 1945. Price, 85.00. 

Of the preceding edition, more than 200,000 copies were sold in the United 
States. The present issue has been "corrected, enlarged and rewritten.” 
The additional matter includes “achievement tests,” “alcoholic anonymous,” 
“The American P.sychiatric Association,” and “electroencephalograph}'.” 
Since an “organic personality type” was mentioned in the 1st edition, the 
writer now takes pride in his anticipation of psychosomatic medicine though 
■the term is unfortunate, since it implies a duality of mind and body. But 
little retreat is shown from the previous stand on psychoanalysis as the most 
important form of mental hygiene. The chapters are: Principles, Personali- 
ties, Symptoms, Motives, Treatments and Applications. Though not strictly 
systematic, a practical and descriptive classification of personalities is given 
as: crippled, stupid, lonely, queer, and perverse personalities. Under Treat- 
ments, while brief reference to “narcos}mthesis” is made, the important narco- 
analysis of Horsley and others, receives no definite consideration. In Symp- 
toms, the dismantled parts of the machine are dealt with analytically. Motives 
is a dynamic section wherein the source and distribution of the power dri\'ing 
the machine is considered. Treatments, gives the technique of repair making. 
Applications deals fundamentally with exten.sions of p.svchiatric theor}-. 

N. Y. 



276 


BOOK REVIEWS AND NOTICES 


Fundamentals of Pharmacology. By Clinton H. Thienes, M.D., Ph.D. 

Professor of Pharmacology, Univ. of Southern California School of Medicine. 

Pp. 444; 36 figs. New York and London: Hoeber, 1945. Price, $5.75. 

This concise volume is the textbook on pharmacology in the “Medical 
Students' Series” designed to “offer the medical student a volume which 
presents the basis of the subject in such form and degree of detail as he can 
absorb in the time allotted.” It is no easy task to make from a vast wealth 
of knowledge a selection of fundamental material upon which everyone will 
unqualifiedly agree. On the whole this book is well and concisely written, 
logically organized and up to date (including discussions of penicillin, sulfa- 
diazine and thiouracil). It adequately satisfies the need for which it was 
written. 

It must be conceded, however, that this volume or any textbook so con- 
ceived accomplishes its objective of brevity only at the sacrifice of information 
which many in the field-would consider important. In the past decade there 
has been a notable emphasis on the effects of drugs in man, made possible by 
the development of new methods of clinical investigation; yet this phase of 
pharmacology appears somewhat neglected. vSince data are available on 
cardiac output and left ventricular ivork following the administration of 
therapeutic doses of some important circulatory drugs in man, it would seem 
well to mention them. The section on renal physiology and diuretics neglects 
results obtained by techniques now several years old for studying human renal 
physiology and pharmacologjL On the other hand, there is the inclusion and 
even the emphasis of certain information which could well be left to a more 
encyclopedic work. Pedagogic technique seems hardly to justify devoting as 
rnuch space to strychnine, the therapeutic usefulness of which is today thought 
to be practically nil, as to the belladonna group. The consideration of aconite 
and veratrum and their dosages seems unwarranted. The discussion of toxi- 
cology' is restricted to substances used therapeutically, so that an important 
disease like lead poisoning receives no consideration. 

In most other respects, however, the book is a worthwhile text and the 
student who desires a clear, concise and readily assimilable presentation of the 
subject will find it very useful. 

S. K. 


Textbook of Neuropathology. By Arthur Weil,-M.D., Associate Pro- 
fessor of Neuropathology, Northwestern Univ. Medical School. Second Ed. 
Pp. 370; 289 ills. New York: Grune & Stratton, 1945. Price, $5.50. 
There is not great change in the 2nd edition, jior can -ijne-expect neuro- 
pathology to change greatly in a decade between-the, .2;.editions of this work. 
It is a clear and concise outline of the macroscopic and microscopic pathology 
of the nervous system. An interesting feature is the attention given by the 
author to physical and chemical data pertaining to the brain and its post- 
mortem changes. The new edition takes cognizance of the great strides made 
in neuropsychiatry through a better understanding of vitamin deficiencies, 
chemotherapy and shock treatment. Dr. Weil calls attention to the newer 
conception of the virus infections as well as adding more data on protozoal 
infections of the nervous system. The 1st edition served as an authontatiye 
text for students and there is every reason to believe that the 2nd edition will 
be just as popular. The book has been enlarged and 27 plates added. 


The Basis of Clinical Neurology. The Anatomy and Physiefiogy of the 
Nervous System in Their Application to Clinical Neurology. By Samuel 
Brock, M.D., Professor of Neurology', College of Medicine, New York Umy. 
Second Ed. Pp. 393; 72 figs. Baltimore: Williams & Wilkins, 1945. 
Price, $5.50. 

This 2nd edition of Dr. Brock’s deservedly vaunted book has been 
extensively revised because of the great advances in neurophysiology produced 
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by laboratory investigators and neurosurgeons. He has, as in the 1st edition, 
maintained the emphasis on the clinical application of the newer knowledge 
gained both in neurophj'^siology and neuroanatomy. In their respective chap- 
ters 3 collaborators have added electrodiagnostic methods, jjhysiology.of urina- 
tion and cystometry and electroencephalography, respectively. The ampli- 
fied text reflects the author’s extensive experience as a clinician and his keen 
appreciation of clinical phenomena. This combined with the morphology, 
physiology and pathology of the nervous system makes the work an invaluable 
guide to the sound and practical interpretation of nervous diseases. From 
this standpoint it is an unusual book on clinical neurology worthy of the close 
attention of student, clinician and teacher alike. A. 0. 


Common Ailments of Man. Edited by Morris Fishbein, M.D., Editor, 

Hygeia, The Health Magazine. Pp. 177. New York: Garden City Publ. 

Co., 9tli Copyright, 1945. Price, $1.00. 

This is the 9th of a series of reprints from Hygeia, the American Medical 
Association’s health magazine for the public. The 16 articles cover our com- 
monest ailments and symptoms — a good half having been written by nation- 
ally recognized authorities. Carefully warning against the error of improper 
self treatment, they should be helpful in informing the layman to understand 
his physical ailments and to know when to seek expert help. E. K. 


Men Under Stress. By Roy R. Grinker, Lt. Col., M.C., and John P. 

Spiegel, Major, M.C. Pp. 484; 2 tables'. Phila.: Blakiston, 1945. 

Price, $5.00. 

The first Army Air Forces convalescent hospital in this country, caring 
exclusively for "Operational Fatigue” sufferers, was established by these 
authors. Though several thousand cases were seen by them, lack of space 
has prevented the recording of but 65; a number of their subjects were given 
sodium pentothal to facilitate abreaction, then following nith appropriate 
psychotherapy. The text is discussed in the following Parts: 'The Man; 
The Environment of Combat; The Reactions to Combat— Morale; The Reac- 
tions After Combat; Civilian Applications. Reactions After Combat is most 
important and is treated as: The Return Home; The Syndrome of "Opera- 
tional Fatigue” (war neuroses) in Returnees; Passive-Dependent States; 
Psychosomatic States; Guilt and Depression; Aggressive and Hostile Reactions; 
Psychotic-like" States; Psychodynamics; Psychotherapy; Narcosynthesis; Ad- 
junctive Treatment; and Results. 

In regard to narcosynthesis: when time permits, psychiatric interviews 
while the patient is fully conscious, yields the necessary material and emotional 
release; but during combat, a shortcut is necessary, and in approximately half 
of their subjects, such a procedure was required. The drug of choice is sodium 
pentothal, which acts more promptly than other drugs; a slow intravenous 
injection is made until the proper stage of narcosis is obtained. Alcoholics 
do not respond satisfactorily, so that patients must not drink for hours before 
the injection. Skill is required to obtain the best results. The information 
gained by shortening the time should be of value in civilian psychiatry. Nar- 
cosis, or continuous sleep treatment, was not promising; the drug of choice is 
sodium amytal; the duration of sleep varied from 27 to 110 hours. Of 20 
patients so treated, only 3 showed improvement, and the rest were unimproved 
or made worse. 

As the number of subjects needing treatment is large, and as recreational and 
occupational therapy are not sufficient for the needs of many, group psycho- 
therapy is being widely employed; for this, some special training is required. 
Two methods are employed: in the repressive-inspirational method, the 
effort is to "urge, persuade and force the patient to control himself, to suppress 
asocial or worrisome thoughts. Interest or inspiration in life work, the com- 
munity, religion, art, music, etc., is encouraged.” The analytic method 
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'urges the loosening of repression and feeling of urges bound up in repression. 
It strives for the conscious recognition and analysis of unconscious and asocial 
wishes and trends.” The 2 methods may be combined. This book is timely 
and important. • y_ * 


Clinical Atlas of Blood Diseases. By A. Piney, M.D., M.R.C.P., Physi- 
cian, St. Mary’s Hospital for Women and Children; and Stanley Wyakd, 
M.D., F.R.C.P., Physician, The Royal Cancer Hospital, London, and Prin- 
cess Beatrice Hospital. Sixth Ed.. With 48 illustrations, 45 in color. 
This practical guide, by the use of “telegraphic” style consistently followed, 
and oriented by different kinds of type, gives valuable help to the busy prac- 
titioner. 'The authoritative authorship and the many colored plates (some- 
what too diagrammatic) with a synopsis of the s 3 'mptoms, diagnosis, patho- 
diagnosis, etiology, pathology, and treatment opposite each plate, still further 
add to its usefulness. E. K. 


The Male Hormone. By Paul de Krltf. New York; Harcourt, Brace & 

Co., 1945. Price, S2.50. 

If this book confined itself to telling, as the cover states, “without blushes 
or polite evasions the story ,pf the discovery of the male hormone,” it would 
not be subject to blame, nor would it be a “best seller.” But when, again to 
quote from the cover, ‘Ht boosts .muscle, power. It banishes mental fatigue. 
It eases heart pain. It even restores, the sanit}' of men in midlife who suffer 
male hormone hunger; seems to renew the tissues of ageing men. It brings 
a glea.m of hope for the extension of the..working, rigorous lives of millions of 
Americans,” then it exceeds the bounds of propriety and of legitimate popular 
medicine writing. Testosterone is known, to be a potent drug and its thera- 
peutic values -are being studied bj’’ many- investigators. However, these are 
far from being established in all the conditions quoted above and we know little 
or nothing of its capacity to do harm. If the author with his considerable 
medical knowledge chooses to use it on himself that is his own affair. But 
when A -man with his following advertises a potentially dangerous drug in this 
vfay to -a. public who is incapable .of-weighing the pros and cons— for motives 
known only to himself — he takes a step which most medical men and other 
intelligent people' regard as unjustified, improper and potentially harmful. 

E. K. 


Francois Magendie. By J. M. D. Olmsted, Professor of Physiology, Univer- 
sity of California. Preface by John F. Fulton. Pp. 290; illustrated. 

New York: Schuman, 1945. Price, S5.00. 

Magendie appeared on the French medical scene when France led the 
world, in both scientific and clinical medicine. Overshadowed by his greater 
pupil, Claude Bernard, his truly great contributions have tended to be over- 
looked. The founder of French experimental phj^siology, he was an early 
member of that great band who demanded the evidence even though at times 
his own studies led to unwarranted speculation. His demonstration that 
the anterior spinal nerve roots were motor and the posterior sensory provoked 
the long controversy with Charles Bell — given in detail in Dr. Olmsted’s work 
—and led to further studies on the central nervous S 3 'stem, sensibility and 
irritability which brought him into conflict with Flourlen. One might add 
that the tendency to controversj'^ among medical scientists was near its peak 
in the early 19th century. One also reads of Magendie’s experimental studj’ 
of poisons, called the beginning of experimental pharmacology, of his revolt 
from Bichat, of his famous Formulary, which went through many editions 
and translations, of his founding the Journal de physiologie experimental, of 
his studies of the cerebrospinal fluid, of his collaboration with Claude Bernard, 
of his efforts in the cholera epidemic, of his late “arrival” in a chair at the 
College de France and at a post at the Hotel Dieu and of various honors from 
the outerworld. We are indebted to Dr. Olmsted for this new study of a 
great French physiologist, and join with Dr. Fulton in the hope that others 
such as Brown-S4quard may later be. included in the group. E. K. 
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A Synopsis of Medicine. By Sir Henry Letheby Tidy, K.B.E., M.A., 
B.Ch. (Oxon.), F.R.C.P. (Lond,), Extra Physician to H.M. The King; 
Consulting Physician to St. Thomas’s Hospital; Hon. Major-General, lateljr 
Consulting Physician to the British Ai-my. Eighth Ed. Baltimore: Wil- 
liams & Wilkins, 1945. Price, S7.50. 

As a mullum in parvo ready reference desk book, Tid3^’s Synopsis offers an 
e.xtraordinary amount of pertinent information in readily available form. 
The consistent use of various kinds and sizes of type, and a reasonable con- 
stancy in the order of presentation (etiology, morbid anatomy, symptoms, 
progress, termination, diagnosis, treatment, with occasional historical notes) 
considerabty increase “availability,” and so are especially desirable in books 
of this kind. This availability is further supplemented fy a really adequate 
index of 71 pages, in small, but legble type. This edition contains the ex- 
pected number of new articles, amplifications, and revdsions that medical 
progi'ess has necessitated. These are enumerated in the Preface. This 
.should be read also as an indication of the wisdom that has guided the selec- 
tion of items to be included and to illustrate excellent phraseology, which is 
apparent even in the restricted circumstances of a work of this kind. The 
book has already found its place on the surface of the Re\dewer’s desk. 

E. K. 


NEW BOOKS 

Men Under Stress, By Lt. Col. Roy R. Grinker, M.C., and Major John P. 
Spiegel, M.C., Army Air Forces. Pp. 484. Phila.: Blakiston, 1945. 
Price, $5.00. (Reviewed on page 277.) 

Science in Progress. Fourth Series. Edited by George A. Baitsell. 11 
Contributors. Pp. 331; 106 figs. New Haven: Yale Univ. Pre.ss, 1945. 
Price, $3.00. 

The I8th anniversary issue, Vol. I, 1945. of the Harofe Haivri (The Hebrew Medical 
Journal), edited by Mo.ses Einhorn, M.D., is a special issue dedicated to the late 
Henrietta Szold, distinguished humanist and Zionist who interested American Jewish 
womanhood in Hadassah, a great organization responsible for the medical and sanitary 
installations in Palestine. Since 1939 Hadassah has cooperated to the maximum with 
the Medical Military Forces stationed in Palestine and Near East. Special courses 
and clinical conferences on tropical and subtropical diseases, w'ar surgery, typhus 
fever, malnutrition, etc., have been made available at the Rothschild-Hadnssah- 
University Hospital. In addition, Hadassah’s Malaria Control Service is said to 
have rendered Palestine the only country in this part of the rvorld in which this 
infectious disease is of minor signihcancc as a factor in troop morbidity. 

Hayfever Plants. Their Appearance, ■ Distribution, Time of- Flowering, and 
Their Role in Hajffever, With Special Reference to North America. By 
Roger P. Wodehouse, Ph.D., Associate Director of Research in Allergj’-, 
Lederle Laboratories, Pearl River, N. Y. Pp. 245; various figs, and tables. 
Waltham, Mass.: Chronica Botanica Co.; New York Citj': G. E. Stechert 
& Co., 1945. Price, $4.75. 

A Handbook of Psychiatry. By Louis J. ICarnosh, B.S., Sc.D., M.D., Asso- 
ciate Clinical Professor of Nervous Diseases, School of Medicine, Western 
Reserve Univ. ; Director of Neuropsjmhiatrj’, City Hospital, .Cleveland. With 
the collaboration of Edward M. Zucker, A.B., M.D., Clinical Instructor 
in Nervous Diseases, Western Reserve School of Medicine; Associate in 
Neuropsj’^chiatrj' at Cleveland City Hospital. Pp. 302; 38 figs. St. Louis: 
klosbj', 1945. Price, $4.50. 

Thoughts, Deeds aiid Human Happiness. B}' K. W. !Monsariut. Pp. 123. 
London, England: Hodder & Stoughton, 1944. Price, 7/G ($1.50). 

TrabaUios do Depariamento de Anatomia Patologica (25 reprints). Faculdade 
de Medicina da Universidade de Sao Paulo. Volumes X^T-XVII-XVIII, 
Diretor Prof. Dr. Ludgero da Cunha IMotta. 1945. 
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An Index of Differential Diagnosis of Main Symptoms. By Various Writers. 
Edited by Herbert French, C.V.O., C.B.E., M.A., M.D. (Oxon.), F.R.- 
C.P., Consulting Physician, Guy’s Hosp.; late Physician, H.M. Household. 
Assisted by Arthur H. Douthwaite, M.D., F.R.C.P., Physician, Guy’s 
Hosp.; Honorary Physician, All Saints’ Hosp. for Genito-urinary Diseases.' 
Sixth Ed. Pp. 1128: 798 ills, of which 231 are colored. Baltimore: Wil- 
liams & Wilkins, 1945. 

Handbook of Practical Bacteriology. A Guide to Bacteriological Laboratory 
Work. By T. J. Mackie, C.B.E., M.D., D.P.H., Professor of Bacteriology, 
Univ. of Edinburgh; Honorary Bacteriologist to the Royal Infirmary, 
Edinburgh; and J. E. McCartney, M.D., D.Sc., Director of Research and 
, Pathological Services, London County Council; Major, R.A.M.C. Seventh 
Ed. Pp. 720. Baltimore: Williams & Wilkins, 1945. Price, 85.00. 

Clinical Atlas of Blood Diseases. By A. Piney, M.D., M.R.C.P., Physician, 
St. Mary’s Hosp. for Women and Children; and Stanley Wyard, M.D., 
F.R.C.P., Physician, The Royal Cancer Hosp., London, and Princess 
Beatrice Hosp. Sixth Ed. Pp. 137; with 48 ills., 45 in color. Phila.: 
Blakiston, 1945. Price, 85.00. 

Refraction of the Eye. By Alfred Cowan, M.D., Professor of Ophthalmologj’^, 
Graduate School of Medicine, Univ. of Pennsylvania; Attending Ophthal- 
mologist, Philadelphia General Hosp.; Consulting Ophthalmologist, Coun- 
cil for the Blind and Supervising Ophthalmologist of the Dept, of Public 
Assistance, Commonwealth of Pennsylvania. Second Ed. Pp. 278; 172 
engravings and 3 colored plates. Phila. : Lea & Febiger, 1945. Price, 84.75 


CORRECTION 

In Capt. E. R. Movitt’s article “Spontaneous Pneumothorax as a Com- 
plication of Pneumonia in Adults” in our May 1945 number under the report 
of cases. Case 2, fourth paragraph, the dosage of Cedilanid should be as fol- 
lows: “Six cc. of Cedr'/oTu’d (1.2 mg.)” ^ 


NOTICE AND INSTRUCTIONS TO T30NTRIBUTORS j?* ' 

Manuscripts intended for publication in the American JdURN^i. of. ■The MfiniCAL 
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HAAB, School of Medicine, University of Pennsylvania, Phila'delphSa 4, Pa. Articles 
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ADRENAUN ADMINISTRATION IN PERSISTENT ANXIETY STATES 
By D. Ewen Cameron, M.D. 

PROFESSOR OF 'PSYCKIATRT, MC GILL tJjjrVERSITY 
MONTREAL, QUEBEC 

Existing forms of ther&py do not ad€quate}y control certain of the 
anxiety states. These resistant cases fall into 5 groups; (1) a number 
of cases in which a severe catastrophic experience results in an anxietj’’ 
state which shows no tendency to clear up with the passage of time; 
(2) a group in which the anxietj’^ symptoms appear as a consequence of 
long-continued exposure to a difficult and trying situation, such as is 
represented by battle experience or by conflict situations in civilian 
life in which the anxiety sjTnptoms do not subside on removal from 
danger or on termination of the conflict situation; (3) a group in which 
no conflict has been present and in which there has been no exposure 
to danger but where the individual has had to work at high tension 
for prolonged periods, in industry or in the office. Similar states are 
appearing in housewives, overburdened with domestic duties and in 
children for whom recreational facilities have been sharplj’’ curtailed 
by the war. 

While removal of these workers from the stress-producing situa- 
tion results in an abatement of symptoms in a number of cases, in 
many others, especially wliere the individual has been allowed to 
remain under pressure for weeks or months after sjnnptoms have 
appeared, there is little or no improvement. 

It is in respect to these 3 groups that our methods have proved 
unsatisfactory. It is important to note that in these groups the 
primary causes are no longer operative. It is equally important to 
bear in mind that our psychotherapeutic methods are almost exclu- 
sively directed to dealing with the primarj^ causes— hence their ineffec- 
tiveness. In these cases it would appear that through long stress the 
individual’s tendency to develop tension has become so augmented— 
both with regard to the ease with which the reaction is elicited and 
with regard to its intensity— as to make small hour to hour stresses of 
daily living, formerly barely noticed, now, through the repeated stimu- 
lation of the over-responsive individual, sufficient to perpetuate his 
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symptoms. In other words, his anxiety state has now become autono- 
mous (Cameron^"). In medicine, our attempts to deal with undesir- 
able responses have been, to a considerable extent, limited to dealing 
with primary causes. We have largely ignored the possibility of the 
existence of sequences which could no longer be dealt with through 
attacking the primary causes (Cameron^^), Hence the principles of 
dealing with an autonomous reaction have never been clearly worked 
out. In our earlier attempts to work with these conditions we based 
our approach on the hypothesis that if the autonomous reaction is to 
be perpetuated it must be called into action at frequent intervals. 
Consequently we directed our therapeutic efforts at preventing its 
avocation for. an extended period of time. Some degree of success was 
obtained. 

In the present approach to the problem we have attempted to break 
up the autonomous reaction by decreasing the reactivity of the indi- 
vidual. To achieve this we have explored the possibility of desensitiz- 
ing him to adrenalin. The literature on -the matter is scanty and 
confusing. An increased reactivity to adrenalin has been shown to 
exist in patients suffering from anxiety states by Maranon,® Baskova,^ 
Richter,^^ Thorley.^* 

There is, however, little established information concerning the 
extent to which the reaction of the individual to the injection of 
adrenalin can be modified by repetition. 

Repeated administration of adrenalin in animals has failed to pro- 
duce any reduction in the capacity of the drug to raise the blood sugar 
levels (Poliak,® Affleck,^ Samson and Jacobs^®).^ The last 2 workers 
noted a drop below the initial level on termination of prolonged intra- 
venous administration. 

In the majority, interruption of adrenalin administration was fol- 
lowed by a marked drop in the blood sugar level, which slowly returned 
to normal. They suggest that the fall might be due to the action of 
the'depleted liver in picking up sugar from the blood. 

In animals prolonged intravenous administration is reported to 
result, on termination of the administration, in a drop in blood pressure 
below the initial level (Prohaska et Herman et aU). Lewis and 
Barman'^ administered 1 cc. of 1/1000 adrenalin hydrochloride intra- 
venously in dogs 3 or 4 times weekly. There was no tendency on the 
part of the blood pressure rises to decrease. It was noted that the 
dog was under chloral hydrate and atropin at the time of injection. 
In man, prolonged intravenous administration also resulted in a drop 
in the blood pressure below the initial level (Baudouin and Benard,®" 
1935; Koehler et al.^). Rudolf (1938), after injection of 0.29 to 
0.59 mg. adrenalin subcutaneously in 7 patients suffering from general 
paresis, found that the blood pressure rise produced on giving a second 
injection at intervals of 7 to 36 days, was lower than on the first occa- 
sion. It is not clear how far this was due to the patient having 
become accustomed to the psychologic situation represented by the 
injection. 

Goodman and Gilman^ reported that a tolerance to adrenalin, at 
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least with respect to its anti-spasmodic effect, may be established so 
that in those suffering from bronchial asthma, the amount of adrenalin 
administered may be progressively increased. 

Procedure. Two methods of administration have been used, intramuscular 
and intravenous. The earlier cases w'ere all treated by the intramuscular 
method. Before the commencement of treatment the reaction of the indi- 
vidual to a standard intravenous injection of adrenalin (0.01 mg.) was recorded. 

Following this, intramuscular treatment was started by injecting 0.5 cc. 
1/1000 adrenalin hydrochloride into the deltoid. Treatment of the earlier 
stages was often carried out twice daily. Most ambulant patients found this 
too intensive and as the dosage was increased the frequency was dropped to 
once daily. The dosage varied to some extent with the size of the patient 
and with the degree of tolerance established. The maximum single dose was 
2.25 cc. The average dose lay between 1 and 1.5 cc. 

As the patient improved, the frequency of dosage was reduced, first to 
3 times weekly, then to once weekly, and, finally, to once every 2 or 4 weeks. 
'This method has the advantage of being time-saving for the physicians, 
though it is necessary that the patient, if ambulant, should rest under observa- 
tion for at least 1 hour after injection. 

It has the following disadvantages: (a) There is some pain due to local 
pressure when larger doses are used. 

(6) Absorption occasionally occurs with undue rapidity. Under such cir- 
cumstances, rises in blood pressure may occur. On one occasion the pressure 
rose to 234/96 5 minutes after the injection of 1 cc. intramuscularly. Very 
severe headache lasting 8 minutes occurred. On 5 occasions, 3 in the same 
patient, severe headaches lasting 10 to 20 minutes occurred and in 2 patients 
there was some precordial pain and cardiac irregularity. 

(c) The patient may remain tense and conscious of the effects of the injection 
for several hours. 

The intravenous method was worked out in part to meet these objections 
and, in part, in an attempt to shorten the period of treatment. (Average 
about 3 months.) This method consists very simply in setting up a normal 
saline intravenous flow; placing a 3-way stopcock immediately behind the 
needle (preferably 22 gauge). Resting (30 min.) pulses and blood pressures 
are recorded. Adrenalin is administered through the stopcock each 10 minutes 
for 4 injections. Pallor, tremor, respiration, quality of pulse and patient’s 
subjective account are recorded. The pulse is taken, commencing 40 seconds 
after administration, over a period of 20 seconds. The blood pressure is deter- 
mined at the 90th second after the adrenalin has been run in. Pulse and blood 
pressure are again recorded at the 10th minute after injection. The initial 
dose used is 0 .01 mg. The strength is gradually raised as the patient’s reaction 
diminishes. The bulk of the injection, namely 1 cc., and the speed of injec- 
tion, 1 second, are held constant. Treatments may be given dailj’’— most 
commonly thrice weekly. As improvement takes place treatment is tapered 
off, as in the case of the intramuscular method. No untoward effects are 
noted; the patient has no continuing tension or other after-effects of the drug. 
Slight cardiac irregularities, lasting less than 1 minute, have been noted during 
injection. On occasion, after several weeks’ treatment, fatigue on exertion 
was recorded, but this has been transitory. 

In certain particularly apprehensive patients it is desirable to administer 
veronal, 2h gr., t.i.d., in order to minimize the reacti\dty of their anxiety 
between treatments. 

Selection of Cases. Only those patients should be treated in whom the 
anxiety state has become autonomous. Certain of our failures appear to be 
attributable to the fact that there was a continuing conflict situation or other 
current cause for the production of anxiety. Those patients in whom obses- 
sive thinking is present do not, as a rule, do so well. We have had no occasion, 
as yet, to eliminate patients on phj'sical grounds. Two -patients have been 
treated who had had coronary occlusions over a j^ear prior, and 1 patient 
was treated who had an initial blood pressure of 168/96. 
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Results. Treatment was completed in 19 cases. In 9 of the 13 in 
whom treatment was carried out for more than 30 days, good results 
were obtained, the sjTnptoms greatly subsided or disappeared entirely 
and the patients were able to return to their usual occupations. The 
( maximum period of treatment was 5i months. There is some indica- 
tion that the intravenous administration may shorten the period of 
treatment by 4 to 6' weeks. The average period of treatment was 
about 3 months. In 4 of these 13 patients treated for more than 
30 days, transitorj^ improvement or none at all was attained. 

In the 6 cases where treatment was carried out for less than 30 days, 
no lasting good results were attained. Transitory improvement of 
good degree was attained in 3. This lasted less than 1 month. In the 
remaining 3 no favorable results were noted. In the 19 cases there 
was no evidence of the patients’ reaction being adversely affected by 
treatment. 

The immediate effects of the administration of adrenalin are already 
well known. In the present series it is to be noted that the emphasis 
by the patient was upon those sjnnptoms which constituted the 
patient’s customary anxiety pattern (Cameron^')— palpitation, dysp- 
nea, choking sensations or general increase in tension. There tended 
to be fleeting reactivation lasting for a few hours in the case of the 
intramuscular injection and a few minutes in the case of the intra- 
venous injection of the patient’s usual anxiety pattern. 

As the tensional and anxiety symptoms produced by the intravenous 
administration of adrenalin disappeared, flushing of the face sometimes 
sets in, the extremities become warmer after 5 or 6 minutes, the patient 
stated that he felt relaxed and in several instances drowsiness and 
actual sleep supervened. This latter, however, first set in later in 
treatment, the earliest being after the 7th treatment day. 

From the pulse and blood pressure response to a single injection 
(Table 1), it will be seen that the stimulating effect of the injection 
entirely disappeared by at least the 8th minute. We selected 10 min- 
ute intervals between injections as preventing any additive effects. 


Table 1.— 

-Injection oe 

0.01 Mg. 

AimENALiN Hydbochlobide t/v 


B.P. 

P. 

Remarks 

Before injection 

. 130/78 

94 

Reaction started in 24 sec. Count- 

After injection: 



ing of pulse started at 40 sec., 

1 min. . 

. 150/80 

120 

lasted until 60 sec., when B.P. 

2 “ . . 

. 142/74 

105 

was taken at the 90th sec. after 

3 “ . . 

. 134/74 

100 

injection. 

4 “ . . 

. 132/74 

93 


5 “ . 

. 134/74 

93 

Kote. Some trembling of thumb was 

6 “ . . 

. 128/74 

94 

noted at 2 min., lasted about 

7 “ . . 

. 126/76 

96 

3 min. Patient was apprehensive 

8 “ . . 

. 128/74 

94 

for about 4 min., complained of 

9 “ . . 

. 128/74 

90 

her heart thumping, hand perspi- 

10 “ . . 

. 126/74 

93 

ration. 


The response of the blood pressure and pulse during the course of 
the single treatment period are shown in Tables 2 and 3. The former 
is the more typical. It is to be remembered, however, that patients 
tend to respond tb adrenalin in terms of their customary pattern of 



CASIEKON: ADRENALm IN PERSISTENT ANXIETY STATES 285 

response to anxiety; and, in some patients in whom the cardiovascular 
pattern is not prominent, little or no change in pulse and blood pressure 
levels are found. The patient shown in Table 3 represents over- 
dosage. Extrasystoles were experienced during this treatment and 
for a few days thereafter the patient had some slight feeling of oppres- 
sion on the precordium which disappeared with decreased dosage. 


Table 2. — Response op Pulse Rate and Blood Pkessube to Adkenalin 
Injection During a Single Treatment Period 


Time 

Amount 

B.P. 

P. 

initial 

0.04 mg. 

130/74 

82 

1st inj.; 1 min. 


188/78 

85 

10 “ 


116/76 

75 

2nd inj.: 1 “ 


190/90 

96 

10 " 


118/68 

78 

3rd inj.: 1 “ 


190/90 

105 

10 “ 


116/60 

SO 

4th inj.: 1 “ 


194/86 

93 

10 “ 


112/74 

68 

Table 3. — Response op Pulse . Rate and Blood Pressure to 
Injection During a Single Treatment Period 

Adrenai 

Time 

Amount 

B.P. 

P. 

initial 

0.05 mg. 

124/58 

87 

1st inj.: 1 min. 


156/72 

87 

10 “ 


102/52 

86* 

2nd inj.: 1 “ 


152/84 

82 

10 “ 


110/60 

96 

3rd inj.: 1 “ 


154/70 

75 

10 " 


106/62 

93 

4th inj.: 1 “ 

• • • 

144/74 

72 

10 " 

* Extrasystoles. 

. 

110/70 

105 


Tolerance Acquired. The maximum increase in intravenous dosage 
which has been achieved is sixfold. This was attained in 30 days in a 
patient who received treatment 6 days a week. Fourfold increase 
(from 0.01 to 0.04 mg.) is customarily obtained after about 4 to 5 weeks 
on the basis of treatment 3 times a week. Progressive tolerance, as 
recorded by the pulse and blood pressure is shown in Table 4. Toler- 
ance is, however, rarely best shown by the blood pressure or the pulse. 
It is more easily seen in the progressive subsidence of pallor, tremor, 
dyspnea and in the patient’s own statement that succeeding injections 
seem milder. 

Cases. Case 1. A 36 year old married man came on June 2, 1943, com- 
plaining of tension and anxiety of such severity that he was unable to work. 

The patient, who had, since his earliest jTars, tended to worrj', to be unduly 
conscientious and to have difficulty in making adjustments, grew considerablj' 
more anxious after entering the army in [March 1943. He was admitted to an 
army hospital because of anxiety and severe tremor. The latter was so 
marked that he was diagnosed as suffering from paralj'sis agitans and was 
discharged in May 1943. 

On examination considerable tremor of the hands was noted. No evidence 
of encephalitis lethargica was found. The patient complained of feeling 
tightened up, of being restless; there were drawing sensations in the shoulders 
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and aching in the back of the neck; the voice vas quavering. The patient 
stated that vrhen he became especially anxious there vas a generalized tremor. 
He bad diSralty in concentrating and making decisions and in fakin g an 
interest in things: he could not go into crovrds, vras more sensitive and vas at 
times, so depressed and anxious that he thought of suicide. ^ 


Tasix 4 . — ^Il^spo^•SE or Puass Bate a?ci> Beood Pbessttbe to IxjEcrtoi,- or 0.01 Mg. 

AdBEKALIK HtDEOCHLOETDE I^■THAV^NOVSLT -VT 
TASiors Stages in’ Teeatmekt 
1st min. lOtk min. 

Dtte . ■ . .. ' » , ■ » 


1543 

July 11 

B.P. 

134/50 

?. 

Id 

B.P. 

14S/S2 

P. 

143 

B.P. 
124 /SO 

P. 

93 

July 21 

11S;50 

92 

12S/S2 

114 

116/70 

79 

Aug. 20 

114/76 

65 

136/76 

104 

110/72 

62 

Sept. 19 

114/72 

77 

130/74 

96 

105/72 

72 


Eemarts 

0.04 cc. adrenalin ^ven b.i.d. 
July 11 until July 13, 1943; 
then 0.7 co. b.Ld. until Jub' 
21; 0.4 ce. ba.d. until Aug. 
2; then 1 cc. once dailj' 
Veronal, 24 gr., b.i.d. started 
July 25. 1944. 


His resting blood pressure -vras 1.54/94; his pulse 77. In response to an 
intravenous injection of 0.01 mg. adrenalin hydrochloride, his pressure rose 
at the end of 1 minute to 166/96: his pulse to 90; he had a feeling of veakness, 
his heart pounded and felt as ^‘though it vould burst.” At 10 minutes the 
readings vrere 106/S2 and 79. He vas started on intravenous intramuscular 
adrenaim injection and vras jiut on veronal, 2J gr., t.i.d. On July 4, 1943, 
the standard dose (0.01 mg.) of adrenalin vas again injected. Eesting readings 
vrere 122/76 and 67—1 minute readings vrere 132/82 and 81 and 10 minute read- 
inp vere 114;T0 and 66. At this time the patient vras better, vranted to 
meet people, vras planning to get back to vork. On Aug. 27, 1943, his reac- 
tions to the test' dose vrere; rating leveb 126/76, 64; 1st minute, 132/80, 87; 
10 minute, 118/80, 67. At this time the patient had been back to vrork as a 
machine operator, vrorking 8 hours daily. He vras still apt to get a little 
shaken; vrould vrake 4 or 5 times nightly but go oh to sleep apin. Drovrs}' 
feelinp and fatigue vrere gone. There vras stUl some quavering of the voice 
and there vras still some difficulty in concentrating. He vras able to go to 
shovrs but avoided other crovrds; vras vorking daily. His dose of veronal 
had been reduced to once daily. He had been getting 2 cc. of adrenalin intra- 
muscularly daily — this vras cut to 1 cc. after a series of 3 headaches. In 
September the patient vras still better, was workmg steadiljx He had occa- 
sional shaking of the hands if he was imder a strain: his appetite was good, 
and he gained about 7 pounds in about 2 months. He was then receiving 1 cc. 
of adrenalin twice weekly. 

Case 2. A 32 year old married woman who came on Xov. 22, 1943, with 
complaints that about 16 months prior she began to sufier from periods of 
anxiety, palpitation and vomiting. 

ThKe had set in about 2 months after the birth of her child and coincided 
with a period of considerable stress due to the lack of domestic help. The 
first T>eriod had lasted about 2 months. The present period had set in about 
2i months prior to examination. When seen she complained of daily vomit- 
ing before her br^kfast', sometime before all meals, palpitation was almost 
continuous and pounding in nature; she required nightly sedatives, could not 
concentrate well and had most' considerable anxiety and some depr^sion. 
The 'patient was inclined to ascribe her difficulties to long feelings of made- 
quacy and to her tmvriUingne^ to settle down to a domestic life. Prior to 
the birth of her child she had carried on a part-time bookkeeping job. Conse- 
quently, the patient was treated p^chotherapeuticaUy until hlarch^28, 1944- 
5>o progress was made and the vomiting spells had to be controlled from time 
to time by sodium amytal, given before meals, and by insulin. On hlarcb 28 
it was decided to institute intravenous adrenalin treatment. Her reaction 
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to 0.005 mg. "svas; resting readings, 106/60, 75; 1st minute, 110/88, 93; and 
10th minute, 112/72, 68. Treatment was pven 3 times weekly, 4 injections 
being given during each treatment. On April 6 her dose was raised to 0.01 mg. 
and was raised steadily, reaching 0.02 on April 13; 0.03 on April 24; and 0.04 
on June 7. Slow improvement took place. On April 13 veronal, 2| gr., t.i.d., 
which she had been taking for several months, was reduced to twice daily as 
she was reported feeling more relaxed. She said she felt tired after going 
home following on treatment and noted that she had become rather short of 
breath since the treatment started. That statement, togetlmr with the fact 
that she had a feeling of constriction in the chest and occasional pain in the 
left side immediately after injection, resulted in the strength of the dose being 
raised slowly. On April 11, for the first time, the patient began to get drowsy. 
About the 6th minute after injection on subsequent occasions she went to sleep 
during the treatment. On April 28 she dropped another of her veronal doses; 
her vomiting had been growing steadily less, but, on occasion, as in early 
May when she had difficulties with domestic help, it returned. At this time 
she stated that she looked forward to the treatment days as she could be sure 
of some hours of relaxation thereafter. It was noted that her reactivity to a 
given dose of adrenalin was greater during menstrual periods. On June 12 
she reported that she had had no vomiting for 3 weeks, she had taken no 
sedatives at night nor any veronal for 3 or 4 weeks. She was still taking 
sodium amytal, l-J- gr., before her noon meal. Her concentration was much 
better; there was little palpitation; mild anxiety was still present for a short 
period in the morning. She was now able to go out socially; could attend 
movies, something which was impossible before treatment. Her resting read- 
ings were 104/62 and 73. It is to be noted that this patient's anxiety pattern 
was dominantly gastro-intestinal; and, though she had reported palpitation, 
we had never actually found tachycardia. In mid-June she went to the 
country for the summer and in early August she was reported by her husband 
as being in good health, eating well, gaining in weight, and experiencing no 
anxiety. She was using no sedatives. 

Discussion. That tolerance to increasing amounts of adrenalin can 
be established appears to be certain. It would seem that this process 
is complex and comprised of both a lessened reactivity of the mechan- 
isms which ordinarily react to adrenalin and also of an increased vagal 
activity. The first is shown in the reduction of such symptoms as 
pallor, tremor and dyspnea. The second, namely, increased vagal 
activity, is suggested by the increase, after repeated injections, of the 
flushing of the face, drowsiness and feelings of relaxation. The basis 
for the progressive lowering of the resting blood pressure and pulse 
and the decreased pulse and blood pressure rise to a standard dose are 
less easy to designate as being due primarily to a decreased reactivity 
of the adrenal sympathetic mechanisms or to an increase in the com- 
pensatory action of the vagal system. 

As can be seen from the record, this therapy is not effective in all 
instances. It appears to be most successful where the anxiety state is 
truly autonomous and where the anxiety has not become organized 
into fixed obsessive symptoms. 

In conclusion, it may be necessary to point out that the fact that a 
physiologic method has been used to treat these cases of autonomous 
anxiety and the fact that it appears to have been successful in a certain 
number of instances does not, in any way, imply that the initial 
disturbance was at the physiologic level. Save for a very few instances 
occurring primarily in the investigative field where anxiety can be 
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produced by physiologic agents, one may say that anxiety is essen- 
tially an accompaniment of the adjustment of the individual to his 
environment. 

Summary. 1. Patients suffering from certain types of anxiety state 
do not respond well to the existing forms of therapy. 

2. This is particularly true where the anxiety states have become 
autonomous. 

3. In such cases overactivity of the adrenal sympathetic nervous 
system appears to be established. 

4. Repeated adrenalin administration tends to reduce this over- 
activity; with reduction in overactivity the patient’s sjnnptoms abate. 
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EOSINOPHILIC LUNG 

(Tropical Eosinophilia) 

By Lt. Col. Philip J. Hopes, M.C., A.U.S, 

AND 

Col. Francis C. Wood, M.C., A.U.S. 

20th general hospital a.p.o. 689, new York, n. t. 

Eosinophilic lung (tropical eosinophilia, pseudotuberculosis asso- 
ciated with eosinophilia) is a disease characterized by bronchopulmo- 
nary changes and eosinophilia. Although not described in the literature 
until recently, it occurs often enough in India to be a problem and 
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has been reported in Australia and Singapore^ Since the disease is 
known to develop in Europeans/-'^ it may also involve Americans 
(troops) returning from the Orient. It seems important therefore for 
physicians in the Western Hemisphere to familiarize themselves with 
the manifestations of eosinophilic lung. The purpose of this com- 
munication is to review the literature, and to describe the clinical and 
roentgenologic findings in 2 patients with the disease. 

Review of Literature. In 1940, Erimodt-Moller and Barton first 
described “a pseudo-tuberculous condition associated with eosino- 
philia” in the Indian Medical Gazette.^ They collected 175 cases from 
a tuberculosis sanitorium in Madanapolle, South India, who showed 
eosinophilic leukocytosis, usually associated with cough and fever. 
Roentgenograms of the chest showed “evenly distributed extensive 
mottling of small nodular shadows over both lung fields with increased 
linear markings.” After careful study these authors concluded that 
the syndrome was not explainable on a basis of tuberculosis, syphilis, 
heart disease, Loeffler’s syndrome, or any known clinical entity. 

In 1943, Weingarten reported 81 patients with tropical eosinophilia 
(eosinophilic lung), most of whom lived along the western seacoast of 
India (Bombay, Cujerat, Kathiawar, Malabar and Coromandel coasts®). 
About the same time Simeons reviewed his findings in 35 patients 
collected in Bombay during a period of 9 years.® More recently Treu 
described the disease in Calcutta, reporting its occurrence in patients 
from Raniganj, Bihar and Singapore.® 

(а) Etiology. Nothing definite is known concerning the etiology of 
eosinophilic lung. Weingarten is convinced that climatic and geo- 
graphic factors are important. He has never seen a patient with the 
disease who had always lived in a dry climate of the type found in 
northwest Rajputana. Moreover, all of his patients with eosinophilic 
lung lived near the sea. The asthmatic manifestations of the disease 
and its eosinophilia suggest an allergic factor, perhaps in response to 
parasitic allergens, but no definite facts have been discovered to sup- 
port this suggestion. Carter, Wedd and D’Abrera, working in Ceylon,^ 
identified the cheese-mite (Tjuo-gljTihus) and some of its near rela- 
tives in the sputum of patients with eosinophilic lung, and attributed 
the disease to them. However the etiologic significance of mites in 
this condition still remains to be established. 

The disease has no seasonal incidence. Race and age do not seem 
to be factors. It has been reported in a child of 7 and an adult of 52. 
All classes of society are affected, strict vegetarians and meat eaters 
being equally vulnerable. It is not related to the use of alcohol. 

(б) Clinical Findings. In most cases the disease is ushered in with 
lassitude, loss of appetite and fever which rises to 100° to 101° in the 
evening. During the 2nd week of the illness, the patient usually 
develops a diy hacking cough which seems to be worse at night. As 
the malady progresses, the cough becomes more severe and paroxysmal, 
eventually interfering with sleep. -HTieezing and expiratorj’- dyspnea 
develop. Many have the symptoms of asthmatic bronchitis. Some 
have severe paroxysms of asthma requiring epinephrine. In rare 
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instances an explosive asthmatic attack may be the first sign of the 
patient’s illness. Those who suffer considerable nocturnal distress not 
infrequently remain comfortable; and comparatively free from symp- 
toms during the day. After several weeks the fever subsides, weakness 
gradually disappears, and there is no further loss of weight. The 
bronchopulmonary symptoms, however, usually persist and become 
chronic if treatment is not instituted. 

'VATereas fever and bronchopulmonary complaints are usually present 
in eosinophilic lung, there are patients in whom these phenomena are 
not prominent. Fever may be entirely lacking. The patient may 
have no respiratory symptoms even though pulmonary changes are 
evident in roentgenograms.* Treu believes that the only phenomena 
which are consistently present in tropical eosinophilia are the blood 
picture and the clinical response to specific therapy.'^ 

In the mild cases, physical examination reveals slight hyperresonance 
of the chest. The expiratory sounds are prolonged. Sibilant and 
sonorous ronchi usually are present, with occasional crepitant rales at 
the bases. Physical signs during the acute respiratory seizures are 
those of true bronchial asthma. Expectoration is usually scanty, 
glassy and tenacious. On microscopic examination the sputum often 
contains clumps of eosinophils and rarely Charcot-Leyden crj^stals or 
Curschmann spirals. The common bronchopulmonary bacteria are 
often found on culture. During the febrile period of the illness the 
spleen is moderately enlarged in at least half of the cases, extending 
3 to 5 cm. below the costal margin. It is usually smooth, firm and not 
tender. 

The most striking feature of eosinophilic lung is the massive eosino- 
philia. The total white count is usually above 20,000 and often 
above 40,000. Much higher figures are by no means uncommon, in 
some instances reaching 70,000 to 80,000. The elevated count is 
primarily due to an increase in the number of eosinophils which may 
constitute 92% of the total white cells counted. The other elements 
in the white blood count remain essentially unchanged. AYeingarten 
believes the eosinophils are normal and fully mature. Simeons, how- 
ever, states that their nuclei are abnormally lobulated. The red cells 
are usually normal. Occasionally a mild secondary anemia is observed. 
The sedimentation rate may be .moderately accelerated. Nothing 
remarkable has been found in the studies of blood chemistry, urine 
or stools. 

(c) Roentgen Findings. According to AVeingarten, roentgenograms 
of the chest made at the end of the 2nd week of the febrile period reveal 
a distinctive mottling which is distributed throughout both lungs. 
The individual lesions are from 2 to 5 mm. in diameter, and have a 
somewhat dense eenter and ill-defined blurred periphery. The areas 
of mottling are more numerous and slightly larger in the hilar region, 
and more common in the bases than in the apices. AA%ether the 
primary lesion is bronchiolar or alveolar is not known. AA^eingarten 
believes the anatomic distribution of the lesions favors an alveolar 
origin. In his opinion, the Roentgen appearance is dependent on 
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broncliopneumonic infiltration of groups of alveoli.® The early stage 
of the disease, which is characterized radiographically by diffuse pul- 
monary mottling, rarely lasts more than 4 weeks. Thereafter the 
infiltrations regress until one can see only prominent hila and truncal 
markings in the films of the chest. Patients in whom the disease has 
been present for a long period of time rarely present the parenchjonal 
mottling seen during the 1st weeks.^-® It is noteworthy that Treu has 
observed patients with clinical manifestations of eosinophilic lung in 
whom nothing could be demonstrated roentgenographically. Con- 
versely, he has also found patients with Roentgen evidence of the 
disease who have had none of the clinical findings. 

(d) Treatment. The present, very effective, treatment of the disease 
was discovered by chance. Weingarten recounts the episode as fol- 
lows: “ At the end of 1936, 1 patient (Case 24), already under observa- 
tion, contracted syphilis, and neoarsphenamine was given. When his 
white cells were counted after 4 injections (0.15, 0.13, 0.45 gm. twice) 
they had fallen from 64,200 to 7800 and the eosinophilia had decreased 
from 71 to 16%. His subjective symptoms had also vanished. But 
it was not until 1938 that I realized that this was no coincidence; since 
then, cases have been systematically treated with neoarsphenamine, 
which proved to be a quickly acting specific. Injections are given 
every 4th day usually in a course of 6 (0.15, 0.3, 0.45 gm. twice or 
tluice).”® After the 1st 2 or 3 injections, there is a tendency for a 
further slight increase in the total leukocyte count as well as in the 
percentage of eosinophils; later they abruptly diminish, sometimes 
even before therapy has been completed, in other cases only after the 
end of the course. Clinical symptoms disappear rapidly and com- 
pletely usually after the 3rd injection. 

Case Reports. Case 1.* The patient, an Anglo-Indian from Calcutta, 
17 years old, was first seen on Dec. 30, 1943, because of fever (101° to 102°), 
weakness and dyspnea on exertion of 2 weeks duration. There was no historj’’ 
of asthmatic attacks, although the patient did have a very mild cough. Physi- 
cal examination revealed somewhat harsh breath sounds over the chest, but 
no rales were heard. The spleen was slightly enlarged. No other important 
physical findings were recorded. The patient’s white blood count was 21,000 
with 38% of eosinophils. Roentgenograms of the chest revealed the follow- 
ing (Fig. 1 A) : The bones of the thoracic cage were negative. The trachea 
was in the mid-line. The heart, aorta and domes of the diaphragm were nor- 
mal. Both hila were considerably increased in prominence. Distributed 
throughout both lungs were multiple areas of coalescent nodulation and 
mottling. The densities were uniformly distributed throughout both lungs 
from apex to base, and from the hila to the periphery. The densities were soft, 
irregular and tended to coalesce. The appearance was not unlike that seen 
in hematogenous tuberculosis or miliary metastatic malignancy. ^ 

Neoarsphenamine was started on Jan. 2, 1944. During the period from 
January 2 to 21, the patient received 5 injections of 0.3 gm. each. FoUowing 
the 2nd injection, the patient was practically well clinically. 

Roentgenograms of the chest made on February 22 revealed an essentially 
healthy chest (Fig. 1 B). The resolution of the inflammatory lesions W'as as 
complete as in simple bronchopneumonia. 

* We are indebted to Dr. Rudolph Treu of Calcutta for this patient’s clinical record 
and chest reproductions. This is Case 3 in Dr. Treu’s paper “Pseudo-Tuberculosis of 
the Lungs with Eosinophilia,” which wiU appear in the Indian Medical Gazette.’ 




Fig. l.—Eosinopliilic lung. Case!. (E.C.P.B.) A, Film of the chest made Dec. 30, 
1943. Illness 2 weeks duration. Note diffuse nodulation and mottling. B, Roent- 
genogram made Feb. 22, 1944, when patient clinically well. Findings compatible with 
a healthy chest. (Courtesy of Dr. R. Treu.) 
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Fig. 2.— Eosinophilic lung. Case 2. A, Roentgenogram of the chest made on 
March 27, 1944, during the third week of the patient’s illness. Note diffuse nodulation 
and increased prominence of the right hilum. B, Reexamination made May 1, 1944, 
when patient clinically well. The Roentgen findings are compatible with a healthy 
chest. (Courtesy of Capt. G. L. Birm'e, RA.M.C.) 
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Case 2.* The patient, an Indian from Madras, was admitted to a British 
Army Hospital complaining of a dry hacking cough and daily asthmatic 
attacks of 3 weeks duration. His daily temperature during this period ranged 
from normal in the forenoon to 100° to 101° in the late afternoon. Physical 
examination revealed many coarse and musical rales in both lungs. The 
spleen was moderately enlarged. The sputum was colorless, containing 
mucus and many eosinophils. The red blood count was 4,700,000. The 
white blood count was 40,000 with 65% eosinophils, 14% polymorphonuclear 
leukocytes, 16% l^phocytes and 5% monocytes. 

We saw this patient on March 27, 1944, just before he was treated. Roent- 
gen examination of the chest revealed the following (Fig. 2 A) : The bones of 
the thoracic cage were normal. The trachea was in the mid-line. The heart 
and aorta were normal. The right hemidiaphragm showed a nodular appear- 
ance in its medial third, which suggested a lesion in the liver. The left hemi- 
diaphragm was normal. Both hila were increased in prominence, the right 
more so than the left. Distributed throughout both lung fields were innumer- 
able small nodules which appeared to coalesce in many areas. The nodules 
were not sharply demarcated but seemed rather “soft” and irregular. Their 
appearance in no way suggested the firm, dense, well-circumscribed nodules 
seen in silicosis. Both lung fields were somewhat haz}'’, presenting a rather 
diffuse ground-glass appearance, through which the disseminated nodulation 
and mottling were seen. Most of the nodules measured from 1 to 3 mm. in 
diameter. The largest areas of coalescent nodulation and mottling were about 
7 mm. in diameter. 

The patient was treated with neoarsphenamine, receiving 0.1, 0.3, 0.45, 
0.45 gm. at 3 to 5 day intervals. When we saw him again on May 1, 1944, 
he was symptom-free and his blood count was normal. Roentgenograms made 
of the chest on May 1, 1944, revealed a healthy chest (Fig. 2 B). 

Discussion. The importance of recognizing eosinophilic lung early 
cannot be overemphasized because the treatment is simple and effec- 
tive. The diagnosis is not difficult. It is suggested by the finding of 
eosinophilic leukocytosis, fever, cough, asthma and Roentgen changes 
in a patient who has been in India. It is confirmed by the response to 
arsenic. ^^Tiereas the Roentgen changes are not pathognomonic of 
eosinophilic lung, the possibility of its presence must be kept in mind 
constantly by the radiologist Avhen confronted with a diffuse pulmonary 
nodulation or mottling similar to that seen in miliary tuberculosis, 
silicosis, aspergillosis, periarteritis nodosa, metastatic malignancy, etc. 

The “eosinophilic lung” may eventually prove to be related to the 
“Fleeting Pulmonary Infiltration with Eosinophilia” described by 
Loeffler in 1936.^ How^ever, the evidence now available indicates that 
it is probably a separate disease entity. Patients with Loeffler’s syn- 
drome have few if any subjective findings. Occasionally there is low 
fever and an irritative cough. There is a slight leukocytosis (14,000) ; 
the eosinophilic percentage may reach 66%; well-developed pulmonary 
infiltrations are seen in roentgenograms of the chest. The chest lesions 
are almost always more extensive than one would anticipate from the 
clinical findings alone. As a rule, patients with Loeffler’s syndrome 
are ill for only 1 or 2 weeks. The disease rarely becomes chronic like 
untreated eosinophilic lung, and asthmatic attacks are not reported to 
occur. The Roentgen appearance of the lungs also differs, in that the 

* We are indebted to Captain G. Leslie Birnie, B.A.M.C., for this patient’s clinical 
record. The roentgenograms of this patient’s chest were made in our hospital. 
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diffuse mottling which characterizes eosinophilic lung is uncommon in 
Loeffler’s syndrome. In the latter, large round or irregular pulmonic 
lesions, unilateral or bilateral, single or multiple, which look like 
tuberculosis, are the rule. They appear and disappear in chest roent- 
genograms rapidly, frequently completing the cycle in a week. Loeffler’s 
syndrome appears to have a seasonal frequency, being more common 
in July or August, which is not true of tropical ebsinophilia. Further- 
more, the latter disease is found in tropical monsoon regions, whereas 
Loeffler’s syndrome appears to be a disease of temperate climate. 

Our experience with eosinophilic lung is limited to a few patients 
whom we have seen through the kindness of other physicians. In 
only 1 patient did we make our own roentgenograms of the chest. 
One of us spent some time discussing the problem with Dr. Rudolph 
Treu in Calcutta, who placed all his material at our disposal, and to 
whom we are indebted for Case 1. Most of Dr. Treu’s patients, early 
in the disease, revealed prominent hila and diffuse pulmonary nodula- 
tion and mottling roentgenographically. The chronic pulmonary 
changes of the later stages were similar to those seen radiographically 
in early bronchiectasis or well-established tracheobronchitis. Occa- 
sionally the films of the chest in chronic cases showed no significant 
abnormality. 

There is nothing pathognomonic in a roentgenogram of the chest of 
a patient with eosinophilic lung. This condition may mimic other 
bronchopulmonary conditions. It is only by maintaining a high index 
of suspicion in all patients with diffuse pulmonary nodulation or 
mottling, that eosinophilic lung will be diagnosed early. 

Summary. 1. Two cases of tropical ebsinophilia (eosinophilic lung) 
are described, and the literature on the subject is reviewed. 

2. This condition is well known in India, and may appear in America, 
in troops returning from the Orient. 

3. The diagnosis is not difficult. The typical clinical picture con- 
sists of a pronounced eosinophilic leukocytosis in a patient with asth- 
matic bronchitis, fever, a palpable spleen, and Roentgen evidence of 
diffuse mottling and “soft” nodulation throughout both lungs. 

4. Treatment with neoarsphenamine is very effective. 

5. Without arsenical therapy the condition tends to persist. 
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LARYNGEAL EDEMA, MYOCARDITIS AND UNEXPECTED DEATH 
(EARLY ACUTE LARYNGOTRACHEOBRONCHITIS)* 

By Otto Saphir, M.D, 

CHICAGO, ILL, 

(From the Department of Pathology! of the Michael Reese Hospital) 

Fn^E unusual instances of unexpected death occurring shortly after 
the sudden onset of marked respiratory difficulty and cyanosis in pre- 
viously healthy children were recentlj’- observed. The course of the 
disease was short and dramatic. The cause of death was found to be 
mjmcarditis, which clinically had not been diagnosed. The purpose of 
this study is to draw attention to this unrecognized complication of a 
severe upper respiratory disease which probably is an early manifesta- 
tion of so-called laryngotracheobronchitis. Though there are on 
record numerous instances of this disease, myocarditis as such has 
not been stressed as a cause of death. Yet unexpected and unex- 
plained death of these patients had been repeatedly stressed. While 
the autopsies disclosed the nature of the disease and the cause of 
death, they did not shed light on the etiologic moment. 

Two of the 5 children were admitted to the Sarah Morris Hospital, J 
1 to the Chicago Memorial Hospital, J and the 4th to the Municipal 
Contagious Hospital. J The 5th child died in the ambulance en route 
to the JMunicipal Contagious Hospital. 

Clinical Abstracts. Case 1. A male, 2 years old, became suddenly ill with 
marked hoarseness and difficulty in respiration. He was rushed to the hospital 
where it was found that he had a temperature of 104 respirations of 60 per 
minute, and a pulse rate of 112 to 128. He appeared cyanotic. Expiration 
was extremely difficult, and there was marked retraction of the chest. Intuba- 
tion gave no relief. The child died suddenly, § hour after admission to the 
hospital. Examination for Corynebacterium diphtherise proved negative. 

Case 2. The second child was a girl 11 months old. She was admitted to 
the hospital because of difficulty in breathing and high fever. She had had 
a mild cold for 3 weeks. Twelve hours before admission marked difficulty in 
breathing developed. On admission to the hospital the face, lips, tongue and 
buccal mucosa were cyanotic. The mucosa of the throat was reddened. 
There were short, rapid respiratory movements with marked lar 3 mgeal stridor 
and infrasternal retraction. The temperature varied between 100.8° and 
103.8°. Respirations were 42 to 64 per minute. The child was intubated, 
and since difficulty in breathing persisted, a tracheotomy was performed. 
Some improvement followed tracheotomy, and the child was placed in an 
oxygen tent. However, sudden severe cyanosis developed, the child became 
comatose and died 16 hours after admission to the hospital. During the hospi- 
tal stay the patient received, in addition to oxygen therapy, sulfadiazme, 
penic illin and nembutal. Cultures from the throat disclosed non-hemolytic 
streptococci. 

Case 3. A female, 3 years old, had been weU until she suddenly complamed 
of earache and aching in the knees and wrists; on the evening of the same day 
pain on swallowing was discovered, and at night she became very restless and 
cyanotic. On admission to the hospital, the mucosa of her lips was markedly 

* Aided by a grant from the Otto Baer Fund. 

t This department is in part supported by the Michael Reese Research Foundation. 

t For the use of the clinical records I am indebted to the Pediatric Department of 
Michael Reese Hospital, to Dr. G. H. Scott and to Dr. Archibald L. Hoyne, respectively. 
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cyanotic, and the base of the tongue and the epiglottis were severely edema- 
tous. She was given oxygen and a tracheotomy was performed. The patient 
died unexpectedly 2 hours after admission to the hospital. Examination of 
the throat for C. diphtherise gave negative results. However, non-hemolytic 
streptococci were isolated. 

Case 4. A3 year old girl was well until she caught a cold about 2 weeks 
previously. On the day before admission to the hospital she complained of a 
sore throat and difficulty in breathing. The latter became worse the following 
morning, and the patient was rushed to the hospital as an emergency. On 
admission the temperature was 102.4°, pulse rate 120, and respirations 44. 
The child was markedly dyspneic with rapid and noisy respirations. Her face 
was cyanotic, and her throat was filled with mucus. The. tonsils were edema- 
tous, and the mucosa covering the pharynx was fiery red. 

Smears and culture from the throat for C. diphiherise gave negative results. 
Non-hemolytic streptococci, however, were isolated. 

Shortly after admission the patient was given oxygen, sodium sulfadiazine, 
and penicillin. However, the breathing became more difficult, the cyanosis 
more severe, and the child was rushed to the operating room for tracheotomy, 
but death occurred just before she reached the operating room, 1 hour and 
10 minutes after admission. 

Case 5. A male, 7 years and 10 months old, developed respiratory difficul- 
ties and became “blue in the face." He was rushed to Municipal Contagious 
Hospital but was pronounced dead on arrival. 

Autopsy Findings. Only the more important changes will be mentioned. 
The gross and histologic findings in these 5 children were quite similar. There 
was marked redness of the mucosa of the pharynx and larynx. The outstand- 
ing change, however, was a severe edema of the submucosa of the epiglottis 
and ‘the pyriform sinus. The false and true vocal cords were soft, red and 
swollen. The subglottic tissues were also reddened and so edematous that the 
air passage was markedly narrowed. The mucosa of the trachea was fiery red, 
but the bronchial mucosa was only moderate^ hyperemic. There was no 
evidence of an exudate within the air passage. The lungs on gross examina- 
tion disclosed a moderate edema and foci of atelectasis, but there was no gross 
evidence of pneumonia.- 

The hearts of all 5 children were dilated, soft and grayish brown. The 
valvular apparatus was intact. The liver and kidneys were the seat of 
cloudy swelling. In all these instances the thymus was somewhat larger than 
normal. The mediastinal, peritoneal and retroperitoneal lymph nodes were 
also slightly enlarged and soft. The Peyer’s patches and solitary lymph 
follicles in the lower ileum, however, were very prominent. In only 1 of the 
children were the cervical l 3 Tnph nodes swollen and soft. ' 

Microscopic studies proved iUuminating. Outstanding changes of an inflam- 
matory nature were found in the myocardium. The myocarditis was princi- 
pally interstitial in distribution, and most of the inflammatory cells were 
lymphocytes. Rarely neutrophils were encountered. A number of regions 
of the myocardium were not involved, and in 2 instances 10 blocks of the 
myocardium had to be sectioned before evidence of the myocarditis was found. 
This detailed study was undertaken because the history as well as the lesion 
in the larynx were identical to those in other instances in which myocarditis 
was found. Myocarditis was anticipated and was therefore carefully sought. 
The right ventricle of the heart was usually more severely affected than the 
left. The subendocardial regions appeared to be especially frequently involved. 

The lungs in 3 of the 5 instances disclosed on microscopic examination early 
bronchopneumonia which was not recognized grossly. The larynx and trachea 
were the seat of a marked edema. Often the submucosa was also infiltrated 
with lymphocytes, neutrophils and monocytes. The severity of the hffiam- 
mation varied somewhat. It is noteworthy that there was no exudate encoim- 
tered covering the mucosa. Only once was the mucosa involved, and small 
foci of necrosis were encountered. Cultures for the presence of C. diphtherix 
were taken in 4 children, but their examination 3 delded negative results. 
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Comment. The outstanding gross and histologic findings in all 
instances were edema of the epiglottis, vocal cords and subglottic 
region, and myocarditis. 

These 5 children who had been relatively well suddenly developed 
severe respiratory difficulties with marked cyanosis. The respiratory 
difficulties were sometimes so marked as to suggest tlie presence of a 
foreign body in the respiratory tract and to indicate tracheotomy 
which was performed on 2 children. One child died just before a 
contemplated tracheotomy. All children with the exception of the 
one who died en route to the hospital had been intubated. The cause 
of the respiratory difficulties proved to be a severe edema of the sub- 
glottic region. This was obviously part of an inflammatory exudate, 
serum constituting the predominating component, since other evidence 



Fig. 1 Fig. 2 


Fig. 1. — Epiglottis and larynx (closed). Note the marked edema of the epiglottis. 
Fig. 2. — Larynx open. Note the edema of the vocal cord and epiglottis. 

of inflammation of varying degree was encountered on histologic 
examination. C. diphtherise as the cause of the inflammation could 
definitely be ruled out since neither fibrin nor foci of necrosis were 
consistently present. Smears and cultures were negative for C. diph- 
therise. It seems probable that this lesion should be classified as a 
very early manifestation of so-called laryngotracheobroncliitis. The 
literatiue on this subject is reviewed in the more recent publication of 
MacCready,^ Orton et al.,^ Brennemann et al.,^ and Smith Quite 
characteristic of this condition is the more or less sudden onset of the 
respiratory distress and the unexpected and “sudden” death despite 
tracheotomy. Unusual is the absence of a membranous exudate or 
mucous plug in the trachea or bronchi. The dyspnea was obviously 
caused by the severe edema of the subglottic region. 

There are a few autopsy records available of patients dying from 
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so-called laryngotracheobroncliitis (Baum,® Richards®). The autopsy 
descriptions are meager and are usually confined to the description 
of the respiratory tract. Lobar pneumonia, pulmonary edema, pneu- 
mothorax, atelectasis of the lungs and septicemia are often regarded 



Fig. 3. — Epiglottis. Note the edema and the relatively few cellular elements. (Iron- 
hematoxylin-eosin.) X 90. 

Fig. 4. — Epiglottis. Note the dilatation of the blood-vessels and the inflammatory 
cells. Iron-hematoxylin-eosin.l X 95. 

as the cause of death. However, no satisfactory explanation is offered 
as to a “sudden” and unexpected death (Richards'^). In the available 
literature only 1 instance was encountered in which infiammation of 
the heart is mentioned. DeNavasquez® merely stated that “Sections 
from the heart and lungs revealed severe purulerit inflammation and 
numerous gram negative bacilli.” No mention is made of involvement 



Fig. 5.— Myocardium. Note the inflammatory cells principally in the interstitial 
tissue. Most of the cells are lymphocytes. (Iron-hematoxylin-eosin.) X 180. 

Fig. 6.— Myocardium. Note the more or less diffuse infiltration of lymphocytes 
and a few neutrophils. (Iron-hematoxyh'n-eosin.) X 150. 

of the myocardium. It is noteworthy, however, that Jackson and 
Jackson® (Brennemann’s “Practice of Pediatrics”) stated that peri- 
carditis, myocarditis and endocarditis are frequent and usually fatal 
complications. 
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In this series of 5 children, myocarditis was encountered in every 
instance. It was found because a special effort was made to look for 
myocarditis: This was done because the children had died unex- 
pectedly and because a similar type of death in other instances, par- 
ticularly in poliomyelitis, could be explained on the basis of a myo- 
carditis. It must be emphasized, however, that often a number of 
sections of the myocardium had to be examined histologically before 
evidence of myocarditis could be demonstrated. 

Thus, these 5 patients who died unexpectedly disclosed edema of 
the epiglottis, the vocal cords and subglottic tissue in the absence of 
any obstructing pseudomembrane. Acute myocarditis probably was 
tlie direct cause of death. It seems likely that in a number of other 
instances of laryngotracheobronchitis in which children succumbed 
quickly, death was caused by myocarditis. Baum® stated he could 
not find the cause of death even after autopsy had been performed. 
It seems obvious that the myocardimn was not carefully examined 
histologically. Also, the high mortality rate in these instances, as 
stressed by Richards® can be explained by the complicating myocarditis. 
It must be emphasized, however, that because of the absence of an 
exudate obstructing the air passage, it cannot be definitely stated 
that the disease of these 5 children actually falls into the classification 
of acute laryngotracheobronchitis. 

As stated before, a clinical diagnosis of myocarditis had not been 
made, apparently because of the short duration of the disease and the 
severity of the clinical symptoms which demanded the full attention 
of the attending physicians. There simply had been no time for the 
taking of an electrocardiogram. Perhaps a concentrated effort in 
future cases with the specific purpose of either establishing or ruling 
out myocarditis ivill eventually lead to a correct diagnosis. At any 
rate, it seems, from this investigation that myocarditis in these children 
was not only present but was the cause of death. For this reason it 
is obvious that the physician who takes care of such patients must be 
aware of this complication and be prepared to use supportive measures 
to forestall if possible death due to myocarditis. ^ 

The bacteriologic examination of the throat in these children dis- 
closed the absence of C. diphtherise. Non-hemolytic streptococci were 
found in the throat of 3 children. However, there is no evidence that 
these' organisms had actually caused this condition. Orton^ and his 
co-workers found various bacteria associated with acute laryngo- 
tracheobronchitis. Smith^ thought that streptococci were the chief 
offending organisms, although they are usually found in conjunction 
with other bacteria. Sinclair,^® MacCready^ and others are more 
inclined to ascribe the causative role to Hemophylus influenzse. As a 
matter of fact, MacCready remarked that H. influenzse Type B causes 
the most extreme edema in the region of the glottis. However, he 
also suggested the possibility of a virus infection. Davies*' found 
H. influenzse in addition to hemolytic streptococci, staphylococci and 
pnemnococci in 12 instances. 

Smith^ described laryngotracheobronchitis in children in an epi- 
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demic form in Los Angeles during the fall and winter of 1933-34. 
This series of 5 children was observed over a period of about 5 weeks. 
These children came from various sections of a large metropolitan 
area. This alone would speak against the beginning of an epidemic 
form of this disease. But such a possibility certainly should be borne 
in mind. 

Summary. Five children who rapidly developed symptoms of upper 
respiratory obstruction, and succumbed quickly despite tracheotomy, 
are recorded. Autopsies disclosed severe laryngeal edema, edema of 
the epiglottis and subglottic area and acute myocarditis. The edema 
is interpreted as an early stage of so-called laryngotracheobronehitis. 
The unexpected death was probably caused by myocarditis. If the 
attending phj^sician in future instances is aware of this complication, 
supportive measures might forestall .the fatal outcome. 
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THE LIFE CYCLE OF THE ERYTHROCYTE AFTER SPLENECTOMY 
AND THE PROBLEMS OF SPLENIC HEMOLYSIS 
AND TARGET CELL FORMATION 

By Ka.rl Singer, M.D.*t 

AND 

Leo Weisz, D.V.M, 

BOSTON, MASS. 

The question as to whether or not the spleen under physiologic 
conditions participates actively in erythrocyte destruction is not yet 
settled. Perusal of the literature reveals such contradictory state- 
ments as: the spleen destroys red cells,” prepares erjdhrocytes for 
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hemolysis elsewhere,^® protects the blood corpuscles from disintegra- 
tion,®® or has no influence on the breakdown of erythrocytes at all.®® 
Clinical observations demonstrate that excessive hemolysis ceases 
dramatically after splenectomy in familial spherocytic jaundice and 
acquired hemolytic anemia, but that removal of the spleen is without 
curative effect in other hemolytic syndromes. Evaluation of the 
changes following splenectomy in normal human beings and animals 
is difficult and equivocal due to the influence of the spleen on qualita- 
tive and quantitative bone marrow production and the possible com- 
pensatory reaction .of other parts of the reticulo-endothelial system.®® 

Recently determination of the longevity of the erytluocyte has been 
developed into a method for the study of anemia.®-® By means of 
“differential agglutination” (using the agglutinogens M and N to tag 
the erythrocytes) it has been demonstrated that transfused erythro- 
cytes survive in the circulation for about 80 to 120 days, provided that 
no other abnormal conditions exist.®-'^® If pathologic red cells are 
transfused into normal individuals, or if normal red cells are exposed 
to apparently abnormal hemolyzing activities, valuable information 
may be obtained.® Determination of the smvival time of erytluocytes 
may prove to be particularly significant in testing the hemolyzing 
systems of the body. 

In this paper an attempt is made to attain Icnowledge on physio- 
logic splenic hemolysis by means of measuring the average life cj’^cle 
of the erythrocytes before and after splenectomy in dogs. It was 
thought that the results of these investigations might also provide a 
basis for clinical studies of splenic function in the various t}qpes of 
hemolytic anemias. 

Material and Methods. As hematologically normal but splenectomized 
human beings were not available, determinations of the life cycle of the 
erythrocyte were performed in dogs. This species was chosen because in dogs 
splenic functions manifest themselves most distinctly.®®-®’^ '®® 

Selection of the method for life cycle determination in animals- proved 
most difficult as serologic procedures are not readily available and the results 
obtained with other methods are very much at variance. As will be pointed 
out later only the method of Hawkins and Whipple®^ gives values for the dog 
comparable to the differential agglutination tests for human beings. Hawkins 
and Wliipple used biliary fistula dogs in which the daily output of bile pigment 
was first determined over a long period of time. By means of injections of 
acetylphenylhydrazine or by bleeding a severe anemia w'as then produced. 
During the period of regeneration, a new population of young erythro_c 5 ^tes is 
rapidly launched into the circulation. Following the anemia period the 
bilirubin output was found to be lowered, as due to the change in the age of 
the red cell population, less erythrocytes are now destroyed. Observation of 
the daily bilirubin excretion, then, shou'ed a gradual increase of the bile pig- 
ment output which reached a peak after an average of 124 days. This peak 
was interpreted as being caused by mass disintegration of red cells that, havmg 
entered the circulation during the repair period of the anemia, ended their me 
cycle about the same time. Afterwards the bilirubin output returned ^adu- 
ally to the base line. The hemoglobin level remained fairly constant m the 
post-anemia period, independent of the bilirubin excretion; as the mcreased 
destruction of the erythrocytes at the end of their life cycle occurs gradually 
and not abruptly, the bone marrow compensates for the augmented daily 
loss without any difficulty. Hawkins and Whipple®^ performed these deter- 
minations in 4 dogs. 
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Our own experiments were performed in 6 dogs. Only the renal type of 
biliary fistula®^ was used. In this operation the common bile duct- is severed 
and the gah bladder anastomosed with the right kidney, thus excreting the bile 
through the urinary passages. 

Care of the Animals. Before operation the feces were examined for intestinal 
parasites which are almost always present and may sometimes be the cause 
of a disturbing anemia. After identification of the parasites proper drugs for 
their removal were administered. One week after the successful operation, 
all animals received anti-distemper serum. All dogs were kept in metal 
metabolism cages. They were fed a constant uniform diet composed of 
commercial dog food ("Bombo” and “Ken-L-Biskit”) and white bread. 
Water was given ad libitum. Furthermore all animals received daily 5 cc. of 
cod liver oil, ^ gm. of Fleischmann’s yeast (in gelatin capsule), and 1 tablet 
(5 mg.) of Synkayvite Roche (vitamin K) 3 times weekly. Thus all neces- 
sary vitamins were supplied. It may be emphasized that in long-standing 
experiments with renal bihary fistula dogs the administration of vitamin K is 
absolutely indicated to prevent a gradual decrease of the prothrombin level 
which may be the cause of severe hemorrhages. Besides the vitamins, ferrous 
sulfate (0.2 to 0.4 gm. daily), and sodium taurocholate (0.6 gm. daily, in 
gelatin capsule) were given This mixture of vitamins, iron and bile salt 
was administered instead of ox or dog bUe, as used by Hawkins and Whipple,^’’ 
in order to avoid any possible absorption and reexcretion of bilirubin.^® 

The weight of the animals was determined weekly and only animals which 
maintained or gained weight were used. Some of the dogs showed a tendency 
to diarrhea which was successfully combated by sprinkling the food with bone 
meal or adding 3 to 5 gm. of CaCh to the drinking water, or both. The 
24 hours urine was collected and chloroform was added as a preser\’^ative. 

Bile Pigment Determinations, (a) Bilirubin in the urine: performed daily. 
Photocolorhnetric method of Singer and Kubin.®* 

(6) Urobilinogen in the feces: method of Fiirth and Singer After estab- 
lisWent of the fistula determinations of urobilinogen in the feces were per- 
formed and only if no trace of urobilinogen was found— proving the presence 
of a complete bile fistula— were the animals used. 

Hematologic determinations were performed at least once weekly. 

(а) Hemoglobin: photoelectric method of Sheard-Sanford.®® 100% = 
15.6 gm./lOO cc. of blood. After administration of acetylphenylliydrazine a 
marked cloudiness in the hemoglobin solution was noticed. This phenomenon 
is caused by the denaturation of the globin (Morawitz and Pratt®^) and the 
cloudiness had to be removed by centrifugation before readings were taken in 
the colorimeter. 

(б) R.B.C.: U. S. Bureau of Standards certified Trenner pipets and hemo- 
cytometer used; automatic shaker. 

(c) Hematocrit: venous blood collected in a 5 cc. vial containing dry ammo- 
nium oxalate (6 mg.) and potassium oxalate (4 mg.).^® Centrifugation in 
Wintrobe type hematocrit tubes for 30 minutes at 3500 r.p.m. 

(d) Reticulocyte count: wet and dry methods used. 

(e) Coverslip preparations: stained with Wright’s stain for demonstration 
of target cells and Howell-Jolly bodies. 

(/) Fragility of red cells to hypotonic solutions of NaCl: the quantitative 
method of Hunter^ was used which was slightly modified for adaptation to 
the IHett Summerson photoelectrocolorimeter, employing micro tubes and 
20 c.mm. of blood, added from a Sahli pipet, to 4 cc. of the various hj’^potonic 
NaCl dilutions. 

(g) Blood volume determinations: method of Gibson and Evans^* using the 
Evans blue dye and the Klett Summerson photoelectrocolorimeter. Stand- 
ardization as described by Levinson and MacFate.'*® 


This index used 


W Hcmotylicindei: ewetion/da y 

total hemoglobm m grams 

in clinical investigations for the interpretation of erythrocyte destruction 
expresses the bile pigment excretion per day in relation to 100 gm. of hemo- 
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globin.^®-®® Whereas in clinical studies only bile pigment derivatives (uro- 
bilinogen and stercobilinogen) are available, the average daily bihrubin output 
can be directly measured in the renal biliary fistula dog. 

(i) Prothrombin time: method of Quick.^’ 

(j) Liver function tests: bilirubin in the blood, method of MaUoy and 
Evelyn.'*'* Cephahn flocculation test, method of Hanger.'*** 

Surgical Procedures. Operations -were performed under nembutal anesthesia. 
After the establishment of the renal biliary fistula the animals were observed 
for 6 to 10 weeks until a fairly constant weekly average of bihrubin excretion 
occurred. Splenectomy, performed 6 to 8 months after the fistula was estab- 
hshed, was not tolerated well by these animals. They died 12 to 24 hours 
after the operation. Postmortem did not show any obvious cause for this 
unexpected death. The plan to determine the hfetime of the erythrocyte 
before and after splenectomy in the same animal had to be abandoned. But 
when splenectomy was performed 4 to 6 weeks after estabhshment of the renal 
bihary fistula, no untoward sequel® were observed. Liver function tests 
(cephalin flocculation test and bilirubin determination in the serum), per- 
formed thereafter, revealed no deviation from the normal. No anemia due 
to infection with Bartonella canis was observed in our splenectomized dogs, an 
event which othemuse may seriously interfere with this type of experiment 
(Knutti and Hawkins^®) . 

Results. A. Determination of the Average Life Cycle of the Erythro- 
cyte Before Sjplenectomy. Red blood cells are thought to be destroyed 
by fragmentation, phagocytosis and erjThrolysis. The latter may pos- 
sibly be enhanced by the fat content of the food.*®-^®’'**^ As the break- 
down of red cells continues after splenectomy, it is evident that par- 
ticipation of the spleen in these mechanisms can only be one feature 
of the generah problem of the means and 'U'ays of erythrocyte disinte- 
gration. Study of the effect of splenectomy required strictly controlled 
experimental conditions. As our experimental animals were main- 
tained on a diet different from that used by Hawkins and ^Vhipple,®^ 
and as, furthermore, a vitamin-bile salt mixture Avas given instead of 
whole bile, it was first considered necessary to determine the average 
life cycle of non-splenectomized dogs under our experimental standard 
conditions. 

As already pointed out, the principle of the method is the production 
of a severe anemia (by means of acetylphenylhydrazine or bleeding) 
in a biliary fistula dog w'hich is otherwise completely healthy. The 
anemia stimulates the entrance of numerous young red cells into the 
circulation. After regeneration from the anemia there is usually a 
considerable drop of the bile pigment output below the basic level 
of the control period. "NAhen the newdy released erythrocytes are again 
destroyed, a corresponding increase of the bile pigment is noticeable. 
Some difficulties were encountered in selecting the starting and the end 
point of the average lifetime by means of this method. Hawkins and 
Whipple used the mid-point of the regeneration period as the average 
starting point. In order to obtain a somewhat sharper defined start- 
ing point, we followed the entrance of the new red cells by means of 
enumeration of the reticulocytes. The reticulocyte peak was then 
used as the beginning of the estimation of the average life eycle. As 
the endpoint we selected the day of the highest excretion of bile pig- 
ment. As can be seen from Figs. 1 to 6 — which were constructed by 
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plotting the average value of 7 day periods— the right end of the 
bilirubin excretion curve has a somewhat bell-shaped appearance. 



Fia. 2 
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Such a curve may be expected since the reticulocyte curve which 
depicts the entrance of new cells into the circulation is also of a similar 
shape. An absolutely close parallelism between the two curves sym- 
bolizing the appearance and disappearance of the investigated red cell 
population cannot be expected, as too many factors of known and 
unknown nature are involved in the mechanisms of erythrocyte 



destruction. The end point of the average lifetime is usually but not 
always found dining the period showing the highest weekly excretion 
values for bilirubin, i. e., on the “plateau” of the curve: Although 
the selection of these starting and end points is somewhat arbitrary, 
the conformity of the results thus obtained is truly remarkable 
(Table 1). 

Table 1.— Avehage Life Cycle op the Ebythbocytb Before and 
After Splenectomy 





After 

r>og 

Splenectomy 

Dog 

splenectomy 

No. 

(days) 

No. 

(days) 

1 . . . . 

... 115 

i ... . 

... 110 

2 . . . . 

. . . lOS 

5 ... ■ 

... 96 

Z ... . 

. . . 117 

6 . . . ■ 

... 109 

Average . 

... 113 . 

Average . 

... 105 


Experimental Observations. Dog 1. Male mongrel, weight fluctuating 
between 10.1 and 11.2 kg. Average bilirubin excretion during control period 
before the acetylphenylhydrazine injections 33.3 mg./day. A total of 750 mg. 





THE LIFE CYCLE OF THE ERYTHROCYTE AFTER SPLENECTOMY 307 

acetylphenyUiydrazine was injected on 4 successive days. This led to an 
excess output of 2051 mg. bilirubin, corresponding to 59 gm. hemoglobin 
(1 gm. hemoglobin = 34.9 mg. bilirubin®-®). The average hemoglobin content 
of the blood in the control period was 15.5 gm./lOO cc., the total blood volume 
was 911 cc., giving a total circulating hemoglobin of 141.2 gm. Therefore, at 
least 41.7% of the total circulating hemoglobin was destroyed. The highest 
reticulocyte count during the anemia period was 43 %, occurring 8 days after 
the first injection. Complete regeneration of the anemia took place after 
23 days. As can be seen from Fig. 1 there was then a considerable drop of 
the bilirubin output which lasted for about 8 weeks; then a gradual increase 
took place until it reached a peak of 69.7 mg./day, occurring in the 17th week. 
The bihrubin excretion then gradually dropped until 2 weeks later it returned 
to the base level. The average life cycle was thus computed to be 115 days. 

Dog 2. Female mongrel, weight gradually increasing from 13.2 to 15.6 kg. 
Average bilirubin excretion during control period 67.1 mg./day. A total of 
1250 mg. acetylphenyUiydrazine was injected on 7 successive days; excess out- 
put in bilirubin 4246 mg., corresponding to 122 gm. hemoglobin. With an 
average hemoglobin of 14.5 gm./lOO cc. and a total blood volume of 1630 cc., 
the total circulating hemoglobin was 236.4 gm. Thus 51.7% of the latter 
were destroyed. The reticulocyte peak was 47 %, occurring on the 8th day 
after the first injection and the anemia was completely regenerated on the 
30th day. The then-occurring drop in bihrubin output lasted for about 
10 weeks. Then a more abrupt increase took place reaching a peak of 134.7 mg. 
in the 16th week. After 3 weeks the bihrubin excretion then dropped to the 
base level. The average hfe cycle was found to be 108 days. 

Dog 3. Female mongrel, weight 6.4 to 7.3 kg. Average bihrubin excretion 
during control period 19.2 mg./day. The average hemoglobin was 14.5 gm./ 
100 cc., the total blood volume 520 cc., thus the total circulating hemoglobin 
75.4 gm. In this animal blood was removed by repeated heart and veni- 
punctures until the hemoglobin dropped to 5.1 gm./lOO cc. 300 cc. of blood 
were thus removed leading to a loss of 43.5 gm. (58%) of the original total 
hemoglobin. The reticulocyte peak was 35% and the anemia was completelj’- 
regenerated 25 days after the first bleeding. There was only a shght drop of 
the bihrubin output for about 13 weeks. Then a gradual increase took place; 
the highest excretion observed was 59.2 mg. within the 17th week. As can 
be seen from Fig. 3 this end point of the average hfetime lies on the ascend- 
ing hmb of the bell-shaped curve and a high average excretion of 42 mg. con- 
tinued for 2 weeks. There was also no complete return to the base level. 
The average hfe cycle was computed to be 117 days. We have found that the 
acetylphenylhydrazine anemia is much better suited for hfe cycle determina- 
tion than the anemia produced by bleeding, although almost identical values 
for the average hfetime were found with both methods. 

The average life cycle of our 3 dogs was found to be 113 days (see 
Table 1) which is in good agreement with the values obtained by 
Hawkins and Whipple (124 days). 

B. The Life Cycle of the Erythrocytes After Splenectomy. This ^was 
also studied in 3 dogs. As can be seen from Figs. 4 to 6 and Table 1, 
the average life cycle was not significantly altered by removal of the 
spleen. 

Experimental Observations. Dog 4. Female mongrel, weight 12.8 to 

14.6 kg. During the control period the average bihrubin excretion was 

54.6 mg./day. The hemoglobin fluctuated between 14 and 15.2 gm./lOO cc. 
After splenectomy the bihrubin excretion diminished for several weeks with 
fluctuations between 38 and 50 mg. with an average of 44.2 mg./day. The 
hemoglobin dropped to 12.6 gm./lOO cc. but after 2 weeks rose to the original 
level. The circulating blood volmne was 1172 cc. before and 1134 cc. 5 weeks 
after splenectomy. 1600 mg. of acetylphenylhydrazine were injected during 
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a period of 9 days. This, led to a total excess pigment output of 2689 mg. 
bilirubin. The hemoglobin dropped to 5.5 gm./lOO cc. on the 11th day after 
beginning of the injections and the anemia was completely regenerated after 
29 days. With an average hemoglobin content of 14.2 gm./lOO cc. the total 
circulating hemoglobin was computed to be 161 gm. Therefore, by means of _ 
the injections 47.9% of the latter were destroyed. The reticulocyte peak of 
62% reticulocytes was observed 11 days after beginning of the injections. 
After recovery from the anemia the pigment output dropped to a very low 
level for several weeks, reached the base level after about 80 days, and the 
highest single pigment output of 119.5 mg. bilirubin was observed on the 
noth day within a weekly average of 79 mg. in the 16th week. Then a 
gradual return to the base level occurred. The average lifetime in this dog 
was found to be 110 days. 



Fig. 6 


Dog 5. Female mongrel, weight 9.2 to 12.2 kg. The average bilirubin 
excretion of the control period was 34 mg./day. The average hemoglobin 
content was 13.3 gm./lOO cc. Following splenectomy the daily bilirubin 
excretion remained practically, unchanged, averaging 35 mg. There was a 
decrease of the hemoglobin to 9.6 gm./lOO cc. 2 weeks after splenectomy, but a 
few weeks later the hemoglobin regenerated to an average of 14.2 gm./lOO cc. 
The circulating blood volume was 670 cc. Seven weeks after splenectomy 
1200 mg. of acetylphenylhydrazine were given during a period of 6 days. 
This led to a total excess pigment output of 2197 mg. bilirubin. The hemo- 
globin dropped to 3.4 gm./lOO cc. on the 7th day after beginning of the injec- 
tions. The anemia was completely regenerated after 43 days. With an 
average hemoglobin content of 14.2 gm./lOO cc. the total circulating hemo- 
globin was computed to be 95.1 gm. Therefore, by means of the injections 
66.1% of the circulating hemoglobin were destroyed. The reticulocyte peak 
was unusually high, namely 83% occurring 10 days after the first injection. 
Follovdng the regeneration of the anemia the bilirubin output dropped moder- 
ately for several weeks; there was then a gradual increase and the highest 
bilirubin excretion of 94 mg./day was observed on the 96th day follovdng the 
reticulocyte peak. Then a rapid return to the base level occurred. The 
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average lifetime in this dog was the shortest observed in our series, namely 
96 days. 

Dog 6. Female mongrel, weight 5 to 6.8 kg. The average bilirubin excre- 
tion of the control period was 15.6 mg./day, the average hemoglobin 12.6 gm./ 
100 cc. As the hemoglobin level did not increase on vitamin B complex, liver 
and iron and the dog seemed to be perfectly healthy and was gaining weight, 
it was decided that this animal could be used for the life cycle determination 
in spite of the relatively low hemoglobin. Following splenectomy the bilirubin 
excretion remained almost unchanged, averaging 15.4 mg./day. There was a 
decrease of the hemoglobin to 10 gm./lOO cc. 2 weeks after removal of the 
spleen. Recovery from this temporary anemia followed after 1 week. Due 
to the relatively low starting hemoglobin level and the small stature of this 



Fig. 7 


dog it was decided to produce only a moderately severe^ anemia. Six weeks 
after splenectomy 450 mg. acetylphenylhydrazine were given during a period 
of 4 days. The hemoglobin dropped to 5.9 gm./lOO cc. on the 7th day after 
beginning of the injections. The injections produced an excretion of 425 mg. 
bilirubin in excess of the daily basic output. With an average hemoglobin 
content of 12.6 gm./lOO cc. and a total blood volume of 425 cc. the total cir- 
culating hemoglobin was computed to be 53.6 gm. The excess bihrubm cor- 
responds to 12.2 gm. of hemoglobin. Therefore, by means of the injections 
at least 22.8% of the circulating hemoglobin were destroyed. The reticulo- 
cyte peak was 32%, occurring 7 days after the first injection; compMe regen- 
eration of the anemia occurred after 5 weeks. After excretion of the excess 
pigment the bilirubin output dropped only slightly below the basic level, then 
showed an unexpected increase with a rapid return to the base level, ^here 
was then an abrupt increase starting on the 98th day and the highest daily 
excretion of 37.3 mg. was noticed on the 109th day. Afterwards the pigment 
output returned rapidly to the base level. 




THE LIFE CYCLE OF THE ERYTHROCYTE AFTER SPLENECTOMY 311 


The average life cycle in the splenectomized animals was 105 days 
(Table 1) which is 8 days less than in the non-splenectomized dogs. 
However, such differences lie certainly within the range of physiologic 
variability. 
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% NaCI 

Fig. 8 

Special Cbservations. 1. The Hemoglobin Content and Red Count 
After Splenectomy. A temporary mild anemia is known to develop 
after removal of the normal spleen. Krumbhaar,^® who has especially 
studied this phenomenon, states that the red count in his dogs dropped 
on an average of 1.5 millions with a similar fall of the hemoglobin. 
The anemia in the dogs reached its average maximum on the 29th day. 
We, too, observed the development of such a transitory anemia in our 
dogs in the post-splenectomy state, as can be seen from the figures. 
In Dog 4 the hemoglobin dropped from 14.2 to 12.6 gm./lOO cc, on 
the 12th day and the red count diminished from 6.4 to 5.5 millions; 
the hematocrit decreased from 43 to 40. Two weeks later the base 
levels were reached again. In Dog 5 the post-splenectomy anemia 
was more pronounced, the hemoglobin decreasing from 13.3 to 9.6 gm./ 
100 cc., the red cell coimt from 6.2 to 4 millions, and the hematocrit 
from 36 to 29. Two weeks later the normal levels were reached and 
afterwards there was a transitory further increase of red cell count 
and hemoglobin content to 6.4 millions and 15.6 gm./lOO cc., respec- 
tively. In Dog 6 the hemoglobin decreased from 12.6 to 10 gm./lOO cc., 
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the red cell count from 5.2 to 4.5 millions, and the hematocrit from 
34 to 29 two weeks after operation. Recovery followed rapidly after 
1 week. Determination of the life cycle was started in animals only 
which had completely recovered from the transient post-splenectomy 
anemia. 



Fig. 9 


2. The Effect of Acetylphenylhydrazine After Splenectomy. It has 
been repeatedly reported that hemolytic substances become less effec- 
tive after splenectomy.®^’®® Cruz and Robscheit-Robbins,'^ using acetyl- 
phenylhydrazine, did not observe any difference in this respect. Our 
own observations show that a larger amount of acetylphenylhydrazine 
was required in Dog 4 to produce the desired level of anemia than in 
the control experiments, but that in Dog 5 an unusual severe anemia 
developed very rapidly. In 2 of our splenectomized animals the 
reticulocyte output was much higher than in the non-splenectomized 
dogs. It seems that no definite rules can be established regarding the 
reaction to acetylphenylhydrazine after splenectomy.^ 

3. Target Cell Formation and Saline Fragility- It is'a well-known 
fact that after splenectomy the erythrocytes become more resistant 
toward hypotonic saline solutions. As has been pointed out in previous 
papers,"^® this is related to an increased thinness of zones of the red 
cells (leptoc3q;osis) which have in the stained smear the appearance of 
a '"bull’s eye” or target. However, no absolute parallelism was 
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observed between the number of target cells and the decrease in 
fragility. Like Barrett'/ and Valentine and Neel/® Ave have noted 
great variations in the number of target cells in different sections of 
the smears. This may be due, as Valentine and Neel point out, to 
difference in the technique of preparing the smears. We have, there- 
fore, abstained from enumerating the target cells, and regard the 
change in fragility as a better expression of the transformation in the 
shape of the cells. During the period of the acetylphenylhydrazine 
anemia, increased fragility and spherocj’^tosis were present. In the 
non-splenectomized animals the fragility curve returned to normal 



after about 2 weeks (e. g., Fig. 7). In the splenectomized animals 
the increase in the resistance to hypotonic saline was very marked 
(Figs. 8 to 10). As our experiments demonstrate, the average life 
cycles of tlie “target cells” (with increased resistance) and of the 
normal erytlirocytes are almost identical. Therefore, the decreased 
saline fragility does not indicate the existence of any increased in vivo 
resistance of these cells to the forces participating in erj’^throcji;e 
destruction. 

4. Studies of- Pigment Balance {Hemolytic Indices). Cruz, Hawkins 
and VTiipple® have recently stated that the actual bile pigment output 
in the renal biliary fistula dog corresponds closely to the calculated 
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amount which can be computed from the known amounts of released 
hemoglobin after an injection of acetylphenylhydrazine. Their aver- 
age percentage recovery fluctuated between 67 and 108% with an 
average of 88%. We have.also attempted to compute such a pigment 
balance based on the figures for the total circulating hemoglobin (i. e., 

Gm. hgb in 100 cc. X blood volume-. i -v i,- ^ 

s -the bilirubin output during the 

control period, and the determined average life cycle. As can be seen 
from the data mentioned above, Dog 1 f.i. had during the control 
period an average bilirubin excretion of 33.3 mg./day. Taking 34.9 mg. 
bilirubin as corresponding to 1 gm. hemoglobin,*^ this dog excreted the 
equivalent of 0.95 gm. hemoglobin/day. With an average life cycle 
of 115 days the calculated amount of destroyed hemoglobin during 
this period is 0.95 X 115 = 109.3 gm. As the total circulating hemo- 
globin of the control period was 141.2 gm., the percentage of recovery 
of bilirubin would amount to 77.4%. Table 2 gives the results of 
these computations in all om experimental animals. 


Table 2. — Computation of the Pigment Balance 


Dog 

No. 

Bilirubin 

output 

(mg./day) 

Computed daily 
hgb destruction 
in gm.: 

Av.Vilir.cxcret. 

3-f.9 

Average 
liic 
cycle 
in days 

Calc. amt. hgb in gm. 
destroyed during life 
cycle period: computed 
daily hgb destruction 
(Col. 3) X life cycle 
(Col. 4) 

Total circulating hgb 
ingm.: 

Av. bgb/100 cc. X blood vol. 
100 

Percentage 
of recovery 
(Col. G into 
Col. 5) 

1 

33.3 

0.95 

115 

109.3 

141.2 

77.4 

2 

67.1 

1.92 

108 

207.4 

230.4 

87.7 

3 

19.2 

0.55 

117 

64.4 

75.4 

85.4 

4 

44.2 

1.27 

110 

139.7 

161.0 

86.8 

5 

35.0 

1.00 

96 

96.0 

95.1 

100.9 

6 

15.4 

0.44 

109 

48.0 

53.6 

89.6 


Average: 88.0 
Range: 77.4- 

100.9 


Our average percentage recovery was 88%, a value identical with 
that reported by Cruz, Hawkins and ^Vhipple. We believe that the 
computation of these pigment balances which are based on the deter- 
mination of the average life-cycle, represents an additional proof for 
the validity of the method used in our experiments. 


The hemolytic index,®*’ 


Bile pigment excretion/day 
Total circulating hgb 


X 100, was di- 


minished after splenectomy only in Dog 4, but remained unchanged in 
the other 2 experimental animals. This latter finding seems to differ 
from similar investigations in man®® where a decrease of the hemolytic 
index following splenectomy was found in 9 out of 11 cases in which 
this operation was performed for a previously existing, non-hemolyzing 
condition.' However, a more extensive investigation of this particular 
problem is required to clarify whether these discrepancies are due to 
species differences or are due to the fact that in our biliary fistula dogs 
bilirubin was determined directly, whereas in humans, determination 
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of bilirubin derivatives (urobilinogen and stercobilinogen) form the 
basis for calculation of the hemolytic index. 

5. Prothrombin Time. Diminution of the prothrombin time devel- 
ops gradually in renal biliary fistula dogs if vitamin K is not admin- 
istered. Our dogs received 15 mg. of Synkayvite weekly. This dose 
was amply suffieient to keep the prothrombin at a 100% level. 

6. Histologic Findings. Postmortem examinations in the 3 splen- 
ectomized biliary fistula dogs revealed enlargement of the abdominal 
lymph nodes. No accessory spleen or hemolymph nodes were found. 
Histologic examination of lymph nodes and liver did not show any 
evidence of increased- erythrophagocytosis. Studies of the bone mar- 
row, obtained by punctme of the ilium in the living animal did not 
reveal any pathologic composition; the myeloid-erythroid ratio was 
within normal limits. 

Discussion. Our experiments have demonstrated that the average 
life cycle of the red cells in dogs before and after splenectomy is practi- 
cally identical, although in the absence of the spleen erythrocytes with 
increased resistance to hypotonic saline solutions (target cells or lepto- 
cytes) are present. Therefore, one must conclude that these “lepto- 
cytes” have the same average life cycle as normal red cells. There are 
several aspeets of these findings which are worthy of comment. 

The Validity of Life Cycle Determination. Determinations of red 
cell longevity give results which vary widely according to the method 
used and to the species investigated. In this paper only experiments 
concerning man and dog will be discussed. In man the most reliable 
results seem to be obtained by means of the method of differential 
agglutination. Ashby^ was the first to transfuse 0 erythrocytes into 
recipients of different blood groups and to determine the time required 
for disappearance of the transfused cells. This technique has become 
more refined by using the agglutinogens M and N for tagging the 
transfused erythrocytes. Wiener,''® Dekkers,''* Martinet,'*® Mollison and 
Young®® and others were thus able to demonstrate that transfused red 
cells survive for 3 to 4 months in the circulation of normal persons. 
It is quite ob^^ous that this method does not measme the average life 
cycle. At the starting point, a mixed population of red cells is trans- 
fused; the end point is not sharply defined as the assumption that the 
youngest cells may survive longest does not take into account the many 
hazards to which the red cells are exposed during their presence in the 
circulation. Furthermore, the hemolytic activities may also vary in 
different persons,*® depending on dietary habits, exercise and other 
factors. Thus if, f.i., Rh positive cells are transfused into a Rh nega- 
tive recipient, it may well be that an anti-Rh factor may start to 
become active during the course of the determinations, thus leading 
to wrong results.® The findings of the transfusion experiments repre- 
sent the maximal survival time of “foreign” erj’throcytes. As red 
cells produced on any day may vary to some extent in their quality 
and thus cope differently with the fluctuating forces active in erj’thro- 
cyte destruction, the average life cycle may sometimes be appreciably 
shorter than the maximal survival time.® Nevertheless, the estima- 
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tion of the maximal survival time can be used as a very valuable tool 
for the study of the pathogenesis of the anemias. 

Escobar and Baldwin^'^ approached the problem of the estimation 
of the longevity of the red cells in an entirely different manner. They 
produced an increase in erythrocyte volume in the circulation by short 
exposure to low pressure of oxj^gen and consider the number of days 
elapsing frorn the end of the exposure period to the attainment of a 
normal red cell volume as representing the duration of the life span of 
the erythrocytes. They found values of 16 to 23 days for dogs and 
18 to 30 days for man. Davis^* produced an experimental polycythe- 
mia in dogs by means of exercise, cobalt chloride, and ephedrine. 
The high erythrocyte counts were reduced by additional administration 
of choline, mecholyl, or similar agents. He assumes that these depress- 
ing drugs act as a “brake” on erythrocyte production until the cell 
count again reaches the normal level. Based on this assumption, the 
rate of disappearance of the elevated level of red cells should, in his 
opinion, establish the rate of natural death of the erythrocytes, and 
if this process were to continue, calculation of the length of time 
required for 100% disappearance of the cells should become possible. 
He found 20 days as the “minimal” length of life of the red cells in 
dogs. In our opinion, which we share with others,-'-®® the underlying 
principles and assumptions used in the experiments of Baldwin and 
Escobar and also of Davis are not pltysiologic and the results probably 
of doubtful validity. 

The method of Hawkins and Whipple^'^ represents the best approach 
to the problem of longevity of tlie red cells. Evidence for its validity 
may be seen in the predictable increase of the bile pigment excretion 
after regeneration of the anemia, the similarity of the bell-shaped curves 
illustrating appearance and disappearance of the cells, and also the 
calculations of the pigment balance from the life cycle, blood volume 
and bilirubin excretion. Hawkins and ^^diipple found an average 
longevity of 124 days in their 4 dogs with a range of 112 to 133 days. 
Our values are somewhat lower; this may be due to sharper definition 
of the starting and end points, different feeding and maintenance 
procedures, or it may only be due to the usual statistical variations. 

Study of the life cycle after splenectomy has been rarely undertaken. 
We found only one paper dealing with this problem. Gordon and 
Kleinberg“ examined the longevity of the erythrocytes in guinea pigs 
before and after splenectomy, using the method of Escobar and 
Baldwin. Before splenectomy the values obtained were 22 to 28 days, 
after splenectomy 32 to 38 days. Stephens®® has criticized these 
experiments. The discrepancy between our findings and those of 
Gordon and Kleinberg can be explained' as due to difference of the 
methods employed and possibly also to species differences. Unfortu- 
nately, no pertinent investigations in splenectomized human beings 
in the absence of any hematologic disorders have so far been performed. 

The Significance of the lAfe Cycle Determination After Splenectomy to 
the Problem of Physiologic Erythrocyte Destruction. Demonstration of 
the almost identical average life cycle before and after splenectomy 
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seems to indicate that "active” participation of the spleen in the 
physiologic breakdown processes of the erythrocytes is (1) negligible 
or absent, or (2) can be entirely compensated by extrasplenic activities. 
This is contrary to the still widespread belief that the spleen is the 
most important organ involved in the disintegration of red cells. The 
reason for this belief is easily tmderstood, if one is familiar with the 
splendid therapeutic effect of splenectomy in certain hemolytic ane- 
mias. Lauda, in his excellent monograph on the physiology of the 
spleen in 1933, has critically reviewed all the evidence in support of 
splenic hemolysis. According to this author, it is necessary to differ- 
entiate between passive and active hemolysis of the spleen. There is 
no doubt that this organ takes part in removing the debris of red cells 
which have already disintegrated in the circulation (scavenger func- 
tion). The spleen functions as the lymph node of the blood. The 
concept, however, that the spleen actively removes and destroys red 
cells under normal conditions does not withstand rigorous criticism in 
Lauda’s opinion. 

Erythrophagocytosis has been observed in the spleen but there is 
now general agreement that this mechanism plays, if any at all, only a 
very insignificant role.^^-^®'^^ Knisely®® was unable to notice any 
erythrophagocytosis in the transilluminated living spleen, but observed 
it in the dying animal or after traumatization. 

Development of compensatory hemolymph nodes after extirpation 
of the spleen has also been occasionally observed. However, Meyer*’" 
found no hemolymph nodes in 8 splenectomized dogs and Warthin®® 
discovered some in only 2 of his 24 animals. Pearce, Krumbhaar and 
Frazier®® found an increase of the endothelial cells of the sinuses of 
various lymph nodes, but no evidence of pigment phagocjdosis. 
Increased phagocytic activity in the liver after splenectomy is difficult 
to assess.®* In dogs, Pearce, Krumbhaar and Frazier®® found no 
proliferation of the Kupffer cells and no evidence of increased phago- 
cytosis after splenectomy. 

Changes in the bilirubin metabolism following splenectomy are often 
considered as significant indirect evidence of an active hemolytic 
function of the normal spleen. Mann*® and others have demonstrated 
that the blood of the splenic vein contains more bilirubin than the 
blood of the splenic artery, but this increase is exceedingly small and 
only discernible by spectroscopic methods. Lauda interprets it as a 
manifestation of “passive hemolysis.” Recently Watson and Paine®’’ 
explain this increase as possibly caused by the intracorpuscular degrada- 
tion of hemoglobin to bilirubin during erjdlrrostasis in the spleen. In 
1941 one of us, together with Miller and Dameshek,®® described a 
decrease of the mobilinogen excretion and the hemolytic index in 
11 splenectomized individuals in whom the spleen had been removed 
for causes other than previously existing hemolj4.ic anemia. This 
decrease of the hemol}fi;ic index was attributed to the absence of the 
splenic component in the hemolytic activities. In our present dog 
experiments, however, no constant diminution of the hemolytic index 
was demonstrable. At the present time these contradictory findings 
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cannot be fully explained. They may be due to species differences. 
On the other hand, the lowered hemolytic index may require another 
explanation,' as the intricacies of bile-pigment metabolism are not yet 
fully understood.®® As will be discussed below, there is now other 
evidence available Avhich makes it more likely that active splenic 
hemolysis under physiologic conditions in man is also absent or insig- 
nificant. This whole problem requires further correlated studies, 
particularly determination of the survival time of the red cells in 
normal splenectomized human beings. 

The Effect of Splenectomy in Hemolytic Anemias. Splenectomy has 
a curative effect in spherocytic familial jaundice and often in acquired 
hemolytic anemia, but only a transient one or no effect at all in 
the other types of hemolytic disorders. Interpretation of the results 
of splenectomy are still unsatisfactory, because of scarcity of our 
knowledge of normal splenic function and of the mechanisms involved 
in the various types of hemolytic anemias. In the following, the 
hypothesis is advanced that splenic hemolysis is conditioned by the 
presence of pathologic red cells which circulate through the organ, 
but that normal erythrocytes are not attacked. 

In familial hemolytic jaundice spherocytosis continues to exist after 
splenectomy. The increased fragility of the red cells may stay unal- 
tered or may become slightly diminished but still remains within 
pathologic range.®’®® In spite of the continuous presence of abnormal 
cells, hemolysis ceases abruptly after removal of the spleen and pigment 
metabolism becomes entirely normal.*® The most astonishing feature in 
this return to normal— often not sufficiently appreciated— is the fact that 
the extrasplenic hemolyzing activities of the body treat these abnormal 
erythrocytes in a normal manner. Continuation of hemolysis after 
splenectomy is extremely rare and always accompanied by other atypi- 
cal features.®® The spherocj'^tes- in familial hemolytic jaundice are, 
therefore, able to fulfill their function as hemoglobin carriers properly 
only in the absence of the spleen. Increased function of the spleen- 
hemolytic hypersplenism— was supposed to explain this phenome- 
non.^*'®® Recently several experiments have been performed which 
■ show that this interpretation is not tenable. Lloyd**^ in 1941 demon- 
strated that spherocytes obtained from splenectomized cases of familial 
spherocytic jaundice were rapidly destroyed when transfused into a 
normal recipient, that is, upon coming into contact with a normal 
organ. Dacie and Mollison® transfused normal cells into patients with 
familial hemolytic anemia and found a normal survival time of 100 
to 130 days. On the other hand, the survival time of spherocytes 
which were transfused into normal individuals was not more than 
14 days. Normal red cells, wffien given simultaneously with sphero- 
cytes to the same normal recipient, had a normal survival time, whereas 
the spherocytes were rapidly destroyed. These experiments show con- 
clusively that the normal spleen destroys the abnormal cells selectively 
and that the supposedly pathologic spleen does not attack the normal 
cells in an abnormal way. No hemolytic hjq^ersplenism is, therefore, 
demonstrable in familial hemolytic jaundice. 
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That not only spherocytes but also other abnormal cells as well are 
affected by splenic hemolysis may be seen from an analysis of the effect 
of splenectomy in pernicious anemia. Before the discovery of liver 
treatment splenectomy was recommended in this disorder. It had no 
curative effect but was often followed by a transient improvement of 
the anemia. Eppinger^® investigated the bile pigment metabolism 
before and after splenectomy in his . cases of pernicious anemia and 
found a marked diminution of the urobilinogen output after removal 
of the spleen. As the qualitative production of the bone marrow was 
apparently not altered and abnormal erj'throcytes (megalocytes) con- 
tinued to enter the circulation, this can only be explained on the basis 
of a diminution of erythrocyte destruction caused by the removal of 
the spleen. Morawitz®^ in 1928 demonstrated that the erythrocytes 
in pernicious anemia have a much shorter life span than normal cells. 
He transfused normal red cells into a non-splenectomized case of 
pernicious anemia to such an extent that the majority of the red cells 
present in the patient’s circulation belonged to the donor’s group. As 
the anemia improved for a longer period of time but no change in the 
pigment output became noticeable, it is evident that the transfused 
normal erythrocytes survived much longer than the pathologic megalo- 
cytes. In the light of the findings of Eppinger and Morawitz it is 
apparent that the spleen also destroys megalocytes selectively in per- 
nicious anemia. If a return to qualitatively normal bone marrow pro- 
duction is induced by liver treatment the abnormal cells disappear 
from the circulation and, therefore, abnormal hemolyzing activities are 
not noticeable any longer. 

Participation of the spleen in the disintegration of erythrocytes is 
apparently conditioned by abnormal properties of the red cells, which 
come into contact with this organ. 

In acquired hemolytic anemia the red cells may or may not be 
spherocytic and may or may not be more fragile to hypotonic saline 
than normal ones.'^i Splenectomy often cures the disease. If sphero- 
cytes are present they disappear permanently after removal of the 
spleen — in contradistinction to familial hemolytic jaundice.^®’®” From 
the standpoint of our hypothesis the cells must first be rendered 
spherocytic in order to become eligible for destruction by the spleen. 

By what finer mechanism the spleen selects the pathologic red cells 
for disintegration is not definitely known. Ham and Castle^® believe 
that intravascular stasis is the immediate mechanism, resulting in 
increased blood destruction in hemolytic anemias characterized by 
increased fragility of the red cells. They demonstrated that the saline 
fragility of the er5n;hrocytes in the normal spleen increased in their 
experimental animals when prolonged stasis was induced by nembutal 
anesthesia. As Dacie® points out, this hypothesis is difficult to recon- 
cile with the observation that normal erythrocytes are apparently not 
attacked by the greatly engorged spleen in spherocytic jaundice, 
whereas the spherocytes are rapidly destroyed. Furthermore, in- 
creased blood destruction should be demonstrable in all disorders with 
enlargement and engorgement of the spleen, which, however, is not 
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borne out by clinical experience. Wliipple®® believes that normal 
discoidal cells have no difficulties in traversing the spleen whereas 
spherocytes, being thicker cells, are unable to pass through the stomata 
of the splenic sinuses. As splenic hemolysis is not only demonstrable 
in the presence of spherocytes but other pathologic cells as well, this 
explanation is also not completely satisfactory. The question whether 
tissue and, or, blood lysins (lysolecithin) are of any real significance 
has also not yet been fully elucidated 

But whatever the mechanism, splenic hemolysis seems to be selective, 
conditioned by the presence of pathologic properties of the red cells 
passing through the organ. Normally any hemolytic "activity” of 
the spleen, as can be seen from the studies of determination of the life 
cj^cle and survival time, appears to be absent or negligible. Hemolytic 
anemias are, therefore, not caused by a “primary” increase of an 
existing physiologic function of the spleen. The concept of a "hemo- 
lytic liA-persplenism ” does not seem to be tenable. 

The Relationship of the Spleen to Target Cell Formation. The rela- 
tions which undoubtedly exist between the shape of the red cell, its 
hypotonic saline fragility and splenic function are difficult to interpret. 
The following facts may be considered as established; (1) Sphero- 
cytic cells, being thicker and, therefore, more fragile, are liable to 
disintegration by or in the spleen.^ (2) Red cells leaving the spleen 
seem to be more fragile than those entering the organ This 
swelling of the erjdhrocytes may be caused by erythrostasis.^'* (3) 
Splenectomy leads to the presence of red cells in the circulation which 
are thinner than normal (leptocytes, target cells) and show increased 
saline resistance.^ 

If the saline fragility of the erythrocytes were an indicator of their 
vulnerability to the forces of blood destruction in general, it could not 
be explained why the spherocytes in familial hemolytic jaundice are 
not as rapidly destroyed after splenectomy.* Furthermore, in vitro 
abnormally resistant cells should also be more resistant in vivo. This 
is not the case as our life cycle experiments after splenectomy demon- 
strate. One may assume then that the saline fragility test indicates 
only the vulnerability of the red cells to splenic destruction. This 
would correlate the effect of splenectomy in acquired and in familial 
spheroeytic anemia. The function of the normal spleen in rendering 
the red cells more fragile would, hoAvever, be insignificant or negligible, 
as lack of this function obviously does not prolong the longevity of the 
cells. Non-spherocytic cells may also be affected by the spleen and 
leptocytes which are more resistant to saline may rapidly hemolyze 
in vivo, f .i., in Cooley’s anemia. There is, therefore, no true parallelism 
between the changes in saline fragility and the tendency of the erythro- 
cytes to rapid disintegration. Alteration in the shape of the red cells 
as indicated by the fragility tests is probably caused or accompanied 
by “structural” defects which may be of much greater biologic sig- 
nificance. 

Two possible mechanisms may be operating in the development of 
leptoc5h;osis after splenectomy.*-®® First, the absence of the normal 
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spleen whicli wlien present increases slightly the fragility of the 
erythrocytes circulating through it. Secondly, the production of 
thinner cells by the bone marrow after removal of the controlling 
influence of the spleen. That bone marrow production is under 
splenic control can be seen from the almost regular appearance of 
Howell-Jolly bodies in several species after splenectomy We 
are more inclined to believe in the importance of the second mechanism. 
Clinically, target cells are seen not only after splenectomy but also 
after hemorrhage,'^ in sickle cell anemia,*® in hlediterranean anemia 
and related syndromes,^®'*^'®-'®^-®®’''^ in long-standing liver diseases (cir- 
rhosis, metastases),®’®® and in steatorrhea.® 

Of particular interest is the occurrence of leptocjdes in the various 
syndromes related to Mediterranean anemia^® ■®®'®®’'^^ (target oval cell 
syndromes of Dameshek,®® thalassemia minor of Valentine and Neel®®). 
Recent studies of the members of families in which Cooley’s anemia 
occurred have demonstrated that clinical pictures exist in which target 
cells, oval and stippled cells are present, with a hypochromic anemia, 
refractory to iron medication, but without the signs of increased 
hemolysis. Transitions may be found to the fully developed, severely 
hemolytic Cooley’s anemia.^®-®® According to our investigations, lep- 
tocytes with increased saline resistance occurring in the post-splenec- 
tomy state have a normal life duration. In these jN'Iediterranean 
syndromes the leptocytes, however, have a variable tendency to rapid 
disintegration. Another factor is, therefore, involved, not directly 
related to the shape and fragility of the cells. In the h'lediterranean 
syndromes a disturbance in hemoglobin formation and also a faulty 
structure of the erjThrocytes appear to exist. We believe that the 
degree of the structural defect is responsible for the tendency of these 
erythrocytes to undergo rapid destruction. The alterations in shape 
and fragility, however, are in themselves no indication of the life 
expectancy of these red cells. 

We are fully aware of the hypothetical nature of some of the state- 
ments made in this discussion which will probably arouse dissent from 
other investigators. But we feel certain of general agreement that 
determinations of the average life cycle or the survival time should 
be more frequently employed for elucidation of controversial hema- 
tologic problems. These methods promise to become a yevj valuable 
tool in clinical investigations. 

Summary and Conclusions. 1. The average life duration of the red 
cell before and after splenectomy in dogs was found to be practically 
identical, namely 113 days and 105 days respectively. After splenec- 
tomy the red cell population contained numerous target cells (lepto- 
cytes) with increased resistance to hypotonic saline solutions. There- 
fore, it must be concluded, that the longevity of these abnormal cells 
is not prolonged. 

2. Participation of the spleen in physiologic blood destruction seems 
to be absent or negligible. In certain hemolytic anemias (spherocytic 
familial jaundice, acute hemolytic anemia, pernicious anemia) splenic 
hemolysis is present; it is selective, conditioned by abnormal properties 
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of the erythrocytes which circulate through the organ. No clear evi- 
dence is available for the existence of a primary heinolytie “hyper- 
splenism.” 

3. In the various Mediterranean syndromes, target cells with in- 
creased saline resistance are demonstrable, but, differing from the post- 
splenectomy state, shoAV a variable tendency to undergo rapid disin- 
tegration. It is believed that this tendency is related to a structural 
defect of these erytlirocytes, occurring independently from the changes 
in shape and fragility. 


The authors are indebted to Hoffmann-La Roche, Ine., for the supply of Synkavvito 
used in this work. 
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GENERAL ACQUIRED ANHYDROSIS 

By Hugo T. Engelhardt, M.D.* 

INSTRUCTOR OF MEDICINE 
AND 

J. P. Melvin, Jr., M.D. 

ASSISTANT IN MEDICINE 
NEW ORLEANS, LA. 

(From the Department of Medicine, Tulane University, School of Medicine and Charity 

Hospital of Louisiana) 

There are many reports in the medical literature of individuals who 
do not possess the ability to sweat. By far the majority belong 
to the group exliibiting hereditary ectodermal dysplasia.’^'--®""’®”''*-!'''^^ 
Although this form of dysplasia is by no means common, acquired 
anhydrosis is even more of a rarity. Exhaustive search of available 
literature reveals only one such instance, that of Fog,® of a previously 
well individual who lost the ability to sweat. His patient was a 
27 year old white male who possessed normal sweat secretions until 
he suffered a long febrile illness (paratyphoid fever). This occurred 
6 years prior to Fog’s observations. Three months following this ill- 


* Present address is Humble Building, Houston, Texas. 
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ness, the patient noticed that he could not perspire and suffered frorii 
a sensation of precordial oppression and facial congestion. In addition, 
he felt as though his entire body was overheated. These attacks would 
manifest themselves, not while working, but after he had stopped and 
was resting in a cool place. He noticed mild febrile states resulting in 
temperature increases to 102° F. Scaly skin ivas also noticed and 
treated with cold cream. Other secretions, such as from lacrimal 
and salivarj'^ glands, showed no abnormalities. Physical examination 
revealed no evidence of any organic, nervous or metabolic disease. By 
the use of artificial fever, pilocarpine injection and muscular activity 
the patient’s inability to sweat was demonstrated. Histologic exam- 
ination revealed that about one-half of the sweat glands had the 
structural characteristics of normal apocrine glands. The remainder 
appeared to be abnormal and presented cystic hollows covered with 
absolutely flat cells with only the nuclei clearly visible. . The eccrine 
glands revealed no abnormalities. Fog coneluded that the pathologic 
condition was localized in the heat center or centers of the hypo- 
thalamus. 

Of interest also is the observation of Beclcman and Horton- on a 
36 year old white female who gave a history of heat intolerance since 
the 11th year of her life. From that time until the age of 26, it became 
necessary for her to live in the cooler basement of her home during the 
summer months. She stated that she had been dyspneic and unable 
to walk whenever the environmental temperature exceeded 85° F. 
At times this was so severe as to necessitate bed rest for as long as 
1 month. She stated that even in hot weather she had never been 
able to perspire.. She appeared to be above average in intelligence 
and a stable type of individual.' Physical examination revealed good 
bodily health. In order to test her ability to sweat, the entire surface 
of the patient’s skin was striped with a saturated alcoholic solution 
of cobaltous chloride and she was then placed in an aluminum baker. 
The temperature was maintained for 1 hour at 140° F. This experi- 
ment resulted in only slight sweating in the axill®, the elbows, over the 
sternum, the soles of the feet and palms of the hands. She was given 
I gr. of pilocarpine (0.013 gm.) subcutaneously. . This resulted in gen- 
eralized sweating over the entire body. Because of the fact that she 
was examined in cool weather, these observers suggested that she 
return during the coming summer. She did so and was observed m 
one of her attacks in which she was unable to walk at a normal rate. 
It was felt after neurologic consultation, that the disturbance in gait 
was the result of hysteria. It ivas then suggested that she sit in t le 
hot sun and she was told that she would not experience sjTuptoins as 
she had in the past. She sat in the sun on 3 successive days and on 
the last day she was exposed to the sun for 2 hours. The observers 
noted that .at the end of this time she was “literally drenched with 
perspiration.” This case was reported as hysteria associated with an 
absence of sweating. 

The case to be described below closely resembles that of Fog and 
illustrates the importance of bearing such a condition in mind when 
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dealing with, individuals who cannot sweat. Everj'- physician of wide 
experienee can recall individuals who maintained that they were 
unable to perspire but who nevertheless when properly investigated 
revealed no abnormalities of their sweating mechanism. 

Case Report. Mrs. E. H., a 49 year old white female, was admitted to the 
Tulane medical service of Charity Hospital on 7-15-43 with a complaint of 
"burning of the skin and fever.” She stated that she had been perfectly well 
until 13 years previously when she fainted while scrubbing the kitchen floor. 
Immediately preceding this attack, she had noticed nervousness, dyspnea and 
a feeling of increased bodily heat. Since this episode, the patient had experi- 
enced frequent attacks of itching and burning of the skin associated with rise 
in temperature, at times to 102“ F, These attacks occurred only during the 
summer months. She stated that her temperature rise was directly related 
to the hot weather and her degree of discomfort was directly proportional to 
the degree of environmental heat. There was no special daily variation and 
her symptoms were not related to the time of day but merely to changes in 
environmental temperature. Her most effective relief was found in frequent 
cold baths. Questioning revealed no antecedent disease which could be 
regarded as predisposing to her present symptoms except a histoiy of typhoid 
fever during her youth. The patient had had several uneventful pregnancies. 

Physical Examination. Blood pressure 120/80 mm. Hg, temperature 99“ F., 
pulse rate 80 per min. The patient was a well-developed, well-nourished 
white female who appeared younger than the stated age of 49 years. The 
skin was essentially normal in appearance but quite wrinkled, especially on 
the face. There were many small, reddish papules ,on the medial aspect of 
both legs, extending up onto the thighs and involving both gluteal regions. 
The hair was normal in texture, amoimt and distribution. 


JULY 


Days 


4 
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Fig. 1. — General acquired anhydrosis. 


Examination of the eyes was negative as was examination of the nose and 
oral cavity. The thyroid gland was questionably enlarged. Examination of 
the chest and abdomen elicited nothing abnormal. Reflexes were physiologic. 
Vaginal examination gave normal findings. All laboratory tests gave results 
within the normal range, including complete urinab^sis, blood picture, fecal 
examination, Kline and Kolmer serologic tests and repeated basal metabolic 
tests. 

Prior to admission to Charity Hospital, the patient had sought medical 
attention from various physicians and according to her statement she was con- 
sidered by them to be a psychoneurotic indmdual and was treated accordingly. 
After taking her historj"^ we were inclined to agree, but because of her com- 
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plaint of fever she was kept on the ward for observation. This policy of 
masterful neglect was rewarded by graphic evidence of hyperpyrexia which 
coincided with one of the hottest days, of the year (Fig. 1). This observation 
led to detailed study of the patient’s sweat mechanism. 

Methods of Study. Through the courtesy of Dr. G. E. Burch'* the 
patient -was placed in an air conditioned room (temperature 75° ± 
1° F.; relative humidity 50 2%). The temperature was raised to 

120° F. and the relative humidity to 75% and sweat was collected 
quantitatively from various areas of the body surface. She remained 
in this environment for 30 minutes, at the end of which time her rectal 
temperature reached 105° F. Visual and tactile examination of her 
skin failed to disclose to a number of observers any evidence of per- 
spiration. 

At the onset of the experiment the room temperature was 75° F. 
and the relative humidity 50%. In this environment 5.1 mg. of 
sweat W'as collected per 5 sq. cm. of skin per 10 minutes.* The epi- 
gastriinn W'as used as a site of collection. With the temperature of 
120° F. and relative humidity at 75%, 9.7 mg. of sweat were collected. 

Under similar conditions -with normal subjects the results w^ere as 
follows: With the environmental temperature at 75° F. and relative 
humidity at 75%, 5 mg. of sweat were collected from an area of epi- 
gastrium. With the environmental temperature at 105° F. and rela- 
tive humidity at 75%, 50 mg. of sAveat were obtained. For further 
study, dead skin taken from the epigastrium was subjected to an 
environmental temperature betiveen 55° and 60° F. and only 3.8 mg. 
of fluid were obtained. With the temperature between 66° and 
86° F. 5 mg. of fluid were obtained from the same area. With the 
temperature between 87° and 104° F., 5.9 mg. were obtained and with 
the temperature between 105° and 115° F., 7 mg. of fluid were obtained 
from this area of dead skin.'* 

These data wmuld indicate that the diffusion rate of dead skin was 
not unlike that of our patient. It w'ould appear then that the fluid 
collected from the patient contained little, if any, sweat gland sweat 
and that the fluid represented to a large extent water lost as a result 
of simple diffusion. 

After the patient had recovered from this procedure and the tem- 
perature had returned to normal, her body was striped with tincture 
of iodine over which starch powder was applied. This teclmique for 
the demonstration of slight amounts of perspiration had previously 
been found to be adequate, giving a definite purple color wherever 
perspiration occurred.. The patient was then given | gr. (0.013 gm.) 
of pilocarpine subcutaneously. This amount was sufiicient to cause 
protracted vomiting, abdominal cramps and profuse salivation. Evi- 
dence of change in color of the stripes appeared only in the axillie, 
in the perineal region and to a slight extent over the sternum. 

It was decided that in order to study further this patient, skin 
biopsy should be performed. 

* Hereafter the units of sweat loss are expressed in mg./5 sq. cm. of surface area/10 
minutes. 
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Histologic examination (courtesy of Dr. Charles E. Dunlap) : Exam- 
ination of the skin from the abdominal area revealed moderate atrophy 
of epithelium, subepithelial connective tissue and sudoriferous glands. 
Sections employing alloidin technique revealed 4 moderatelj^ atrophic 
sweat glands. The ostium of one gland appeared to be obstructed by 
a keratin plug. There was generalized atrophy and hyperkeratiniza- 
tion of the epidermis with focal variations in degree. Moderate 
hyaline degeneration of the subepithelial connective tissue was present. 
Repeated sections using the same technique revealed essentially the 
same anatomic changes (Fig. 2). 



Discussion. Because one of us (H. T. E.) had previously had oppor- 
tunity to study a family exhibiting hereditary ectodermal dysplasia,® 
our attention was drawn to this disturbance of sweat meehanism when 
the patient’s temperature spiked to 100®° F. on one of the hottest days 
of the year. Such a diagnosis was untenable in view of the fact that 
there was no substantiating familial historjL This led to the detailed 
studies described above. It will be noted from these data that our 
patient presented findings consistent with the diagnosis of general 
acquired anliydrosis. It is of interest to hypothesize that the only 
predisposing causes that could be even eonsidered in this and the 
other reported cas6 were closely allied diseases: namely, paratyphoid 
fever in Fog’s patient and typhoid fever in ours. However, in Fog’s 
patient, the illness preceded the first symptoms by only 3 months 
while in our case there was a lapse of many years. Further dissimilar- 
ity is the fact that in our case, all the sweat glands examined revealed 
generalized atrophy. Although changes in the central heat centers 
cannot be discounted, it would appear from the infornlation available 
that there were definite pathologic changes in the sweat glands which 
alone could explain the hyperpyrexia. 
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The patient has been followed for almost 2 years and when last 
seen reported that her ability to sweat had not returned. In spite 
of the fact that she had kept herself clad as cool and her environment 
as cool as possible, she still had the same complaints as when first seen. 

^ Summary and Conclusion. A patient with general acquired anhydro- 
sis is described. Various diagnostic procedures verified this diagnosis. 
Histopathologic examination of sections of skin revealed generalized 
atrophy of the sweat glands. 
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POISONING BY HYDROQUINONE AND MONO-METHYL- 
PARAMINOPHENOL SULFATE 

Report of 2 Cases With Autopsy Findings 

By Capt. Irving Zeidman, M.C. 

AND 

Capt. Rudolf Deutl, M.C. 

FIRST MOBILE SECT., 40tK 6TAT. H08P., A.P.O. 366, c/O POSTMASTER, NEW YORK, N. Y. 

Past literature reveals reports of 3 cases of hydroquinone poison- 
iijg;i.4,7 2 of these include autopsy findings. No cases of poisoning 
from mono-methyl-paraminophenol sulfate have been reported. In 
view of the paucity of information on the toxic effects of these 2 com- 
pounds, so commonly used in photographic processes, it is thought 
that our experiences are worth reporting. 

Experimental Work. Busatto^ found that the subcutaneous injec- 
tion of 0.16 to 0.17 mg. of hydroquinone per gram of body weight into 
white mice produced an acute syndrome divisible in 3 stages. The 
initial stage, lasting about 40 minutes, was characterized by rnarkedly 
increased motor activity, hyperactive refiexes, sensitivity to light and 
acoustic stimulation, dyspnea and cyanosis; in addition, the tail often 
assumed a double-curved S-form, vertical to the back. The second 
stage revealed clonic convulsions increasing in frequency and intensity, 
and generally lasted 1 hour. The third stage, about 6 hours in dura- 
tion, revealed a state of complete motor exhaustion, paralyses, diminu- 
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tion and almost disappearance of sensitivity and reflexes, semi-coma 
and death. The minimal lethal dose lay between 0.16 and 0.17 mg. 
per gm. of body weight. Larger doses diminished the duration of each 
period, and a dose about twice the minimal lethal dose eliminated the 
third stage entirely. 

Oettel® studied hydroquinone poisoning in cats. Oral administra- 
tion of 60 to 100 mg. of hydroquinone per kg. of body weight produced 
acute poisoning, characterized by increased sensitivity to physical 
stimuli, choreiform movements, subsequent partial paralyses, dyspnea, 
hypothermia, and edema of buccal mucosa, lips and conjunctiva. 
Death usually occurred in 7 to 36 hours. Blood changes were leuko- 
cytosis, reticulocytosis, and, after the first 24 hours, an increased cell 
fragility; rarely a trace of methemoglobin was found, but it was found 
in great quantity several hours after death. Urine revealed blacken- 
ing several hours after exposure to air; albumen was always absent. 
Subacute hydroquinone poisoning was produced by the oral adminis- 
tration of 3 to 50 mg. per kg. of body weight and was characterized by 
dyspnea, hypothermia, alterations in muscle tonus, and hemolytic 
icterus. Ciaranfi^ accuratelj'^ determined the blood changes in sub- 
acute hydroquinone poisoning, and found a hyperchromic anemia, 
reticulocytosis, neutrophilic leukocytosis, eosinophilia, and in many 
cases myelocytes and metamyelocytes. The chronic form of hj'dro- 
quinine poisoning revealed progressive anemia without icterus, reticulo- 
cytosis, sometimes leukocytosis, hypoglycemia', depigmentation of fur 
and a profound cachexia leading to death. 

The mode of action of hydroquinone and related compounds is 
largely unknown. The concept of an internal asphyxia due to met- 
hemoglobinemia is not tenable, as methemoglobin is not detectable in 
significant quantities during life.*’^-® Possible but unproved, is that 
acute poisoning may lead to death by a direct action of the drug on 
the central nervous system, with respiratory and circulatory^ paralysis. 
Manifestations of subacute poisoning are obviously linked with the 
production of a hemolytic anemia with subsequent jaundice and 
reticulocytosis— whereas the anemia of the chronic type may be of a 
low grade hemolytic nature or secondary to depressed hematopoietic 
activity. There is no satisfactory explanation for the occasional 
hypoglycemia. Experimental evidence suggests that hydroquinone 
produces its toxic effects after being converted by oxidation to quin- 
one.^’® Hydroquinone is eliminated rapidly from cats during the first 
24 hours.® 

Previously Reported Cases. Kemond and Colombies^ report a case 
of suicide in which a 36 year old man took 12 gm. of hydroquinone; 
shortly thereafter, tinnitus, sleepiness, a suft'ocating sensation, and a 
swollen tongue were experienced. Physical examination revealed 
dyspnea, cyanosis and extreme somnolence. Improvement was marked 
after 24 hours. Urine examinations revealed a black color, which 
disappeared after the 4th day; a test for phenol in the urine was posi- 
tive the first few days; albumen was negative. Blood changes con- 
sisted of hypoglycemia and hypercholesterolemia. 
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Halbron, Bosquet and Tiffenan^ report a second case of poisoning 
frorn 5 gm. of liydroquinone and 4.5 gm. of benzcatechine in a negress. 
During the first 24 hours patient became unconscious, had convul- 
sions and vomited black liquid; consciousness was recovered on the 
2nd day. The urine and stool were colored black, the urine contained 
a trace of bile pigment, but no albumen or methemoglobin. At the 
end of the 4th day, icterus of the sclera was noticeable and gradually 
increased; the urine contained abundant bile pigment, bile salt, blood 
and albumen; a blood study revealed a white count of 50,000 leuko- 
cytes, 1.3 million, red blood cells and numerous normoblasts. Death 
occurred on the 12th day. At autopsy, the chief gross findings were 
petechise of the mucosa of the gastro-intestinal tract, and slight 
splenomegaly. Microscopically^ the significant changes were in the 
liver; there was a hemorrhagic infiltration of perilobular regions, and 
biliary pigmentation of parenchymial cells. 

Another suicide case is reported by Busatto^ in a 29 year old female 
who took 6 gm. of liydroquinone and 2 gm. of metol. Dm’ing the 
first 4 days, hypotension, weak pulse, cyanosis and slight icterus were 
manifested. On the 5th day, icterus increased markedly and hyper- 
thermia developed; death occurred on the 6th day. Urine was normal 
in amount, brownish black after exposure to air, negative for sugar 
and albumen, positive for hemoglobin, and weakly positive for bile 
salts; granular and hyaline casts were contained in the urine specimen 
of the last day. Gross autopsy findings include icterus, broncho- 
pneumonia, pulmonary edema and reddish brown urine in the bladder, 
^hdicroscopic findings were cloudy swelling and fatty degeneration of 
the kidney, fatty degeneration of the liver, acute myocarditis, broncho- 
pneumonia and pulmonary edema. No liydroquinone was found in 
urine or stools. The case corresponded to subacute liydroquinone 
poisoning in cats— that of hemolytic jaundice. 

Case Eeports.* Two men took developing powder, mistaking it for Epsom 
salts. The subsequent clinico-pathologic pictures were almost identical. 
Therefore, both cases are reported in consolidated form, and any differences 
are noted. 

On December 21, 1943 and each took about 15 gm. of developing 

powder, a mixture of hydroquinone and mono-methyl-paraminophenol sulfate. 

Within 5 hours, developed diffuse abdominal pain, vomiting and shock; 

the latter responded promptly to plasma therapy. developed severe, 

diffuse abdominal pain, but no vomiting or immediate shock. Both were 
then admitted and treated in hospital. During their stay in the hospital, 
severe diffuse abdominal pain was the chief complaint, and their course was 
progressively downhill. Cyanosis, progressively deepening, tachycardia, 
melena and hematuria were observed ; on the 3rd day revealed a reversal 
of the pupillary response to light. Urinalysis, performed on each case imme- 
diately after micturition, revealed albumin, numerous erythrocytes, and free 
hemoglobin in the supernatant fluid after centrifugalization. hved for 

73 hours, 92 hours, after the taking of the poison. Treatment consisted 

of intravenous glucose and plasma, sangstop, caffeine and camphor in oil. 

Necropsy Findings. Macroscopic; Skin and sclerse — icterus; cardiovascular 

system — fatty degeneration of heart ( ), parenchymatous degeneration of 

heart ( ), acute myocarditis, acute dilatation of right auricle and_ ventricle, 

atherosclerosis of aorta; respiratory system — acute passive congestion, acute 

* The histories and autopsy findings are so similar that the cases are reported together. 
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bronchitis, acute focal pulmonary arteritis ( ), petechise of pleura; spleen 

—marked hyperemia, phagocytosis of erythrocytes; liver— acute passive con- 
gestion, bile pigmentation, phagocytosis of erythrocytes; abdominal cavity— 
petechise of peritoneum and panniculus adiposus, mesenteric lymph nodes — 
acute lymphadenitis; adrenals— parenchymatous degeneration ; _genito-urinary 
system — hemoglobinuric nephrosis; brain — petechice, acute passive congestion. 

The bodies weighed about 130 pounds each, and were emaciated. The 

skin and sclerre of were markedly icteric, whereas only the sclerse of 

were yellow. The abdominal cavity was free of fluid and adhesions; the entire 
visceral and parietal peritoneum and the paniculus adiposus were studded with 
pin-point red spots; the large intestine was collapsed. Pleural cavities were 
free of fluid, and the pericardial cavity contained about 20 cc. of pink, slightly 
cloudj'^ fluid. 

The pleura contained scattered pin-point red spots, and was smooth and 
glistening. The parenchyma of the lung was tanmy in color and crepitant, 
save in the lower lobes where it was red, oozed considerable serosanguinous 
fluid, and revealed diminished crepitance. Bronchi contained serosanguinous 
fluid. Pulmonary vessels were not remarkable. 

The heart weighed about 425 gm. There was moderate enlargement of the 
right sides, and, on opening, dilatation of the corresponding chambers. The 
pericardium was not remarkable. The myocardium was reddish brown and 

firm; in the case of , the myocardium revealed fine yellow streaking most 

prominent in the papillary muscles. The endocardium and valves of 

were yellow-tinged. Measurements of valves and ventricular thicknesses 
were within normal limits. The entire cardiovascular system was filled with 
tawny-bronm clotted blood; the clot was easily removed. 

The livers revealed slight enlargement and weighed about 1550 gm. each. 
Free margins were rounded. Sections displayed golden-brown, slightly bulg- 
ing parenchyma. An iron stain of the tissue was negative. 

Gall bladder, pancreas and adrenals were not remarkable. 

Both spleens were firm, and about 1 J times normal size, and weighed approxi- 
mately 250 gm. each. Capsules were thin and smooth. On section, the 
parenchyma was firm, non-bulging, and uniformly reddish purple. 

The Bdneys of both cases were slightly enlarged; each kidnej' weighed 
approximately 200 gm. Capsules stripped with ease, revealing smooth corti- 
cal surfaces. On section, the parenchjnna bulged, oozed considerable blood, 
and was dark red in color. At the cortico-medullary junctions there was 
heavj'^ reddish purple mottling which, in the immediately overlying cortex, 
assumed a striated, radiating pattern, perpendicular to the capsule. Cortical 
thickness over pyramids was uniformly 8 mm. Cortical vascular striations 
were obscure. Pelves and ureters were not remarkable. The bladders con- 
tained about 100 cc. of red, cloudy urine; the mucosce revealed no abnormali- 
ties. Prostates, testes and epididymis were not remarkable. 

The gastro-intestinal tracts displayed no abnormalities other than a deep 
green stain of the fecal contents. Mesenteric lymph nodes were slightly 
enlarged. Sections revealed uniformly pink parenchyma. 

The brains revealed injection of the meninges, pink spinal fluid in the 
ventricles, and scattered pin-point red spots throughout the white matter of 
the cerebral hemispheres. 

Microscopic: The chief pathologic findings were centered in the kidney's, 
liver, spleen, heart, lung and brain. Almost exact changes were presented in 
both cases. 

In the kidney peritubular and glomerular capillaries were markedly' dilated. 
Bovman’s spaces were frequently' filled with homogeneous eosinophihc mate- 
rial containing an occasional erythrocy'te; the cellular pattern of glomeruli 
and their capsules was not disturbed. Cells of convoluted tubules were 
swollen, hazy in outline, and loaded with large intracy'toplasmic eosinophihc, 
retractile, hyahne droplets. Henle’s loops, and collecting tubules of cortex 
and medulla, were filled with deep red, homogeneous and granular casts which 
contained an occasional incorporated erythrocyte. The interstitial tissue and 
large blood-vessels revealed no abnormahties. 
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The Ih'-er revealed dilatation of central veins and sinusoids. Kiipfer cells 
were prominent, and occasionally contained an erythrocyte or a few scattered 
coarse, brown, intracytoplasmic granules. The cytoplsm of parenchymal 
cells in the center of tubules was filled with fine, golden-brown granules. 
Perilobular regions revealed no abnormalities. 

Venous sinuses of the red pulp of the spleen were markedly dilated, and 
filled with erythrocytes; in some areas the sinus architecture was obscured 
by the marked accumulation of erythrocytes. Endothelial cells of the red 
pulp and, occasionally, monocytes of the Malpighian follicles contained an 
erythrocyte in the cytoplasm. No other abnormalities were observed. 

Myocardial fibers of the heart revealed swelling, partial loss of transverse 
striations, sarcoplasmic vacuolization, and occasional elongation and widening 
of nuclei. There were focal accumulations of plasma cells and polymorpho- 
nuclear leukocytes in the interstitium, most prominent in the papillary 
muscle and subendocardial region. 

Alveolar spaces of the lung contained homogeneous eosinophilic material 
and a rare neutrophil. Interstitial capiUaries were dilated, and the interstitium 
contained occasional eiythrocjdes and rare neutrophils. Bronchiolar mucosse 

revealed capiUarj'^ dilatation and neutrophilic infiltration. In the case of 

one small arter}”^ contained numerous neutrophils in its intima, and its endothe- 
lial lining had disappeared. 

The brains revealed focal parenchymal collections of erythrocytes with sur- 
rounding rims of separated glial fibers. Capillaries were dilated and occa- 
sionally filled with homogeneous eosinophilic material. Virchow-Robin spaces 
sometimes contained a few round cells. and Gitter cells. Scattered neurons 
were swollen, and their outlines were hazy. 

Discussion. The autopsy findings and clinical history indicate tliat 
both cases developed an overwhelming hemolytic anemia with jaun- 
dice in response to intoxication with hydroquinone and mono-metliyl- 
paraminophenol sulfate. In both cases, the indications for this con- 
clusion were marked engorgement of the venous sinuses of the splenic 
red pulp, phagocytosis of erythrocytes in the spleen and liver, marked 
nephrosis and heavily pigmented casts in the kidney, bile pigmentation 
(microscopic) of liver, hemoglobinuria and jaundice (marked in I case, 
slight in the other). The 2 cases correspond to subacute hydroquinone 
poisoning in cats®'® and to 2 reported cases. The role of methemo- 
globinemia in causing the deaths is hard to evaluate. The tawny 
color of the clots in the cardiovascular system suggest methernoglobin 
formation, but Oettel® has found that in cats the great majority of 
the methernoglobin change occurs after death; both posts were per- 
formed approximately 12 hours after death. Bladder urine of patient 
revealed the presence of reducing substances by simple chemical tests, 
suggesting that the toxic agents w'ere still acting at the time of death. 

Summary. 1. Experimental work on the effect of hydroquinone in 
animals is summarized. 

2. Three previously reported cases of hydroquinone poisoning are 
reviewed. 

3. Two new fatal cases of poisoning from hydroquinone and mono- 
methyl-paraminophenol sulfate are reported. 

4. It is concluded that the chief pathologic changes produced by 
the 2 compounds were attributable to a hemolytic jaundice. 

The authors •u'ish to acknowledge their indebtedness to Lt. Col. Balduin Luck6 and 
Dr. W. Ai Sawyer for their encouragement to report the cases, and to the Army Medical 
Library which sent a partial bibliography overseas. Papers 3 to 6 in References were 
utilized indirectly from other papers listed. 
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THE XIPHOSTERNAL CRUNCH AND ITS INCIDENCE IN 
HEALTHY INDUCTEES 

By Myer Sous-Cohen, M.D. 

PHILADELPHIA, PA. 

In about one-fiftli of healthy men a crunching sound is heard con- 
stantly or frequently over the ensiform cartilage and the lower portion 
of the sternum and to their left. This sound is of no pathologic sig- 
nificance and its cause is not known. Yet it not infrequent^ is 
mistaken for the murmur of mitral insufficiency, in consequence of 
which men have been denied life insurance or have been rated up, 
have been refused emplojonent, have been rejected by the armed 
forces, and have been subjected to unnecessary treatment with its 
accompanying expense, trouble and anxiety. 

This crunch is mentioned in only a very few of the books on cardiol- 
ogy, physical diagnosis and medicine and is seldom referred to in 
published articles on the heart and the heart sounds. Nevertheless, 
during the past century and a quarter a number of physicians have 
described this phenomenon, while others have noted sounds which 
probably are identical with it. 

References to the Xiphostemal Crunch. In 1819 Laennec^'’ wrote 
of a buzzing heard at the lower part of the sternum and between the 
cartilages of the left 6th and 7th ribs, and in 1826,'*® among the phe- 
nomena which might be confused witli true cardiac murmurs, called 
attention to a metallic click and to a creak, which formerly he had 
mistaken for a sign of pericarditis. Bouillaud*^ in 1835 and Aram^ 
in 1843 referred to the first mentioned sound as a metallic clacking, 
the latter regarding it as of little diagnostic importance. Latham'** 
in 1847 noted a scratch or scrape rmder the lower part of the sternum 
in healthy individuals. A chisel-sound at the lower end of the sternum 
was found by Brown*'* in 1856 to be of frequent occurrence in healthj^ 
persons. 

In 29 of 111 parturient and puerperal women. Money®- in 1882 
heard just above and to the left of the ensiform cartilage a systolic 
friction-like sound that soimded quite superficial and was short, high- 
pitched, and rather stiff in quality. A grating or coarsely rubbing 
sound m the tricuspid area was reported by Russell®® in the same year 
as occurring in a number of cases with debility. Sansom®* 10 years 
later called attention to rough, scraping, seemingly very superficial. 
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systolic sounds, heard over the tricuspid area and the right ventricle, 
in conditions that deviated in no notable way from the standard of 
health. 


In 1897 Broadbent^® stated that a musical tricuspid systolic murmur 
may sometimes be heard over a limited area, but seldom had any 
important significance. Three j'ears later Abrams^ referred to a 
rough or whizzing murmur loudest at the 4th left interspace close to 
the sternum. Hare^® in the following year described a peculiar vibrat- 
ing sound occurring with systole and heard best from 1 inch to the 
right of the sternum to 1 inch to the left of the nipple, on the nipple 
level, sometimes dry, lilce a pericardial friction sound, which he was 
confident it was not. Eighteen years later,^^ in referring to what was 
probably the same sound, he spoke of it as a short flapping or tapping 
sound, single or double, but said it was of no signiflcance. 

Osier in discussing Hare’s first paper, mentioned two sounds that 
sometimes worried and sometimes puzzled him. In the majority of 
healthy hearts, as he moved his stethoscope from the apex to the 
sternum, he heard a peculiar and remarkable crunching sound. Also 
at the apex he frequently heard a little grating sound, much lilce a fine 
pericardial friction, yet not having the rubbing nature of that sound. 
Also in 1901 Colbeck'® discussed a peculiar form of friction sound, 
accompanying systole, sometimes heard at the level of the 5th and 
6th intercostal spaces, close to the left sternal edge and over the base 
of the ensiform cartilage, commonly observed in downward displace- 
ment of the heart due to emphysema, but also present under appar- 
ently normal conditions. 

Forty-two years ago the writer®^ described in detail a xiphosternal 
crunching sound, heard over the lower sternum and a little to its left, 
and gave the first review of the literature on the subject. Six years 
later®® he published an analysis of 63 cases that exliibited this sound, 
studied with regard to its time, position and boundaries, and the effect 
upon it of body position, exercise, pressure of the stethoscope, size of 
the heart, condition of the cardiac muscle, and other factors. Satter- 
thwaite®* in 1905 spoke of a tricuspid systolic murmur occurring in 
anemia. Three years later Porter®® expressed his belief that what 
had generally been regarded as a tricuspid murmur is a type of mur- 
mur which to his mind was vcrj' common. In a large percentage of 
cases he found this murmur to exist without any symptom. Benedict® 


in 1910 noted the xiphosternal crunch in several cases and suggested 
its identity with the thump, crunch, swish, or indescribable murmur, 
s^mchronous with the heart Ijeat, heard over a distended stomach. In 
1914 Blumer'i pointed out a physiologic difference in the quality of 
the heart sounds underneath and in the neighborhood of the sternum, 
as compared with the sounds over the rest of the heart. This super- 
ficial scratching sound he regarded as a normal phenomenon which 
mav be mistaken for a pathologic sound and give rise to errors in 
diamosis. 

King^ in 1919 and again in 1932,®® 1939®® and 1940®® mentioned a 
superficial crunching sound at the lower left border of the sternum. 
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heard in normal persons, which had been mistaken for an organic 
murmirr^^ and for a true pericardial rubd'^ 

Meyer®^ in 1921 discussed systolic murmurs localized at the base of 
the. xiphoid appendix, not propagated the length of the costal border, 
and others which were parasternal, generally on the left at the inner 
extremity of the 4th interspace or of the 4th rib, extending over a 
more or less extended area, transmitted a little toward the apex, 
which must be differentiated from the murmim of tricuspid functional 
insufficiency. Norris®® asserted in 1924 that in a considerable number 
of perfectly healthy individuals the heart sounds heard just over the 
ensiform cartilage and in its immediate vicinity have a peculiar harsh, 
scratching, scraping, or crunching quality closely resembling a peri- 
cardial friction sound, its importance lying in the fact that it may 
readily be mistaken for a pericardial friction or a mitral murmur. 
Thirteen years later Fishberg^® referred to a not uncommon crunching 
sound which is confused with the murmur of relative tricuspid insuffi- 
ciency. 

In 1940 Anderson® said that at times a rasping, almost musical 
murmur, following the first sound, can be heard at the left sternal 
border at the level of the 4th or 5th rib. Haskin®® in 1942, examining 
recruits, found functional heart murmurs extremely common, occurring 
chiefly at the apex, but also down the left side of the sternum. He 
labels as exocardial certain murmurs usually heard down the left side 
of the sternum, but occasionally at the apex, which are harsh and 
often loud, superficial and not conducted, and are sometimes mis- 
diagnosed as congenital heart lesions. Writers who refer to the xipho- 
sternal crunch, but who do not mention having heard it, are BennetF® 
(1906), Askenstedt® (1913) and Lyoffi^ (1941). 

References to Sounds That May Be Identical With the Xiphosternal 
Crunch. In addition to the references given above, a number of 
writers have described mimmurs which are probably identical with the 
xiphosternal crunch. These include: the friction character assumed 
in some persons by the element of impulsion in the first heart sound 
and the slight rubbing or grazing sound accompanying systole, noted 
by Flint;®® the aftertone or echo, heard by Hayden®® both over the 
base of the xiphoid cartilage and over the 6th and 7th costal cartilages 
about 1 inch to the left of the sternum; the superficial murmur per- 
ceived by Labougle,®® best on a line going from the apex to the xiphoid, 
and heard also, according to him, by Lamacq and others; the perma- 
nent tricuspid bruit, referred to by Pitt;®® the mm-murs in some of the 
cases reported by Ellis;®® the systolic tricuspid murmur with absence 
of symptoms, other signs and etiologj^, described by Laubry;'®® tire 
short, superficial, systolic, precordial murmurs with a scraping quality, 
of which Lendoffi® wrote; the coarse limited pericardial rub which to 
Carlisle®® sounds more like a murmur; and the grating sound of the 
first tone occurring in tlie rapid heart of the apprehensive individual, 
to which Markson and GethneF® refer. 

Possible Mistaking of the Xiphosternal Crunch for the Murmur of 
Relative or Functional Tricuspid Insufficiency. It is likely that the 
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xiphosternal crunch is sometimes mistaken for the murmur of relative 
or functional tricuspid insufficiency, especially as in their reports of 
the latter many vTiters make no mention of an accompanying pulsa- 
tion of the veins in the neck or of an enlarged, tender and pulsating 
liver. Tricuspid regurgitation seems to have been found much more 
frequently by the older writers than by physicians at the present time. 
Tenfold^' concluded that it occurs in the majority of men and may be 
looked upon as physiologic. Gibson^'*’® regarded it as the most com- 
mon valvular affection, although he admitted^ that in a very large 
proportion of cases auscultation furnishes the sole evidence of the 
disease and that there may not be any perceptible widening of the 
orifice. Mackenzie^® found incompetence of the tricuspid valve so 
common that he was inclined to look upon the valves as being barely 
able to close the orifice perfectly. 

On the other hand, Babcock,^ admitting that there may at times be 
slight leaks that are not considerable enough to produce positive 
venous pulse in the cervical veins and liver, regarded this merely as a 
matter of conjecture. He was unwilling to accept the presence of sys- 
tolic whiff in the tricuspid area as conclusive evidence of leakage at 
this orifice, and said one might argue that the murmur is due to some 
other condition than actual regurgitation. 

Probable Confusion of the Xiphosternal Crunch With Cardiorespi- 
ratory Murmurs. In all probabUity many physicians have looked 
upon the xiphosternal crunch as a cardiorespiratory murmur, notwith- 
standing the fact that it fulfils none of the criteria of the latter, although 
its intensity sometimes varies with the different phases of respiration. 
Moreover in many books and articles the cardiorespiratory is the only 
accidental murmur mentioned. Neuhof®^-”'* even says that the so- 
called cardiorespiratory murmur may be rough and loud, and be 
transmitted along the left sternal border and lower precordium as a 
somewhat superficial, squeaky sound, resembling a friction sound. 
Dressier^' likewise spoke of cardiopulmonary murmurs heard in the 
apical region or near the left sternal border, which resemble some intra- 
cardiac murmurs. 

Xiphosternal Crunch hlistaken for the Murmurs of Mitral Incom- 
petency and of Congenital Heart Disease and for Pericardial Friction. 
Undoubtedly the xiphosternal crunch has been mistaken for the mur- 
mur of mitral insufficiency. The writer has seen such errors made by 
competent internists and cardiologists. Others have referred to similar 
mistakes.®'”''’ "-'” '*'’-".®’ This is what makes recognition of the nature 
of the phenomenon so important. 

Differentiation is rendered more difficult by the facts that in some 
cases of mitral incompetency the murmur has its maximum intensity 
in the tricuspid area" ''® or along the left sternal border, 
and may be transmitted to the ensiform cartilage,' while, on the other 
hand, a murmur originating in the tricuspid area may be transmitted 
to the apex'’'®® and occasionally has its maximum intensity just to ite 
inner side.'’ Harris’’ found it often difficult to say whether a systolic 
murmur has originated at the tricuspid or has been transmitted from 
another area. 
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According to Broadbent/^ when a murmur heard at the apex is lost 
immediately to the left of the beat, while it is audible between the apex 
and the lower end of the sternum, its seat of produetion is at the 
tricuspid, and not at the mitral orifice. Benedict® questioned whether 
some of the common statements regarding the development of func- 
tional mitral leakage under strain maj’^ not depend upon the incorrect 
interpretation of the xiphosternal crunch. Haskin-® referred to this 
phenomenon being mistaken for the murmur of a congenital heart 
lesion. The xiphosternal erunch has sometimes been diagnosed as 
the frietion of a periearditis®^''^®’®® and has been described as a friction 
sound.i®’®®’®®’® 

Failure of Most Clinicians to Recognize the Xiphosternal Cnmch. 
Despite the references to the xiphosternal crunch in medical literature 
during the past 125 years, it is recognized by few physicians and has 
been ignored by most writers on cardiology, physical diagnosis, and 
general medicine. When faint, it may easily be overlooked, but 
when moderate, and especially when marked, it is readily heard. 

It naturally will be missed by those phj'^sicians, including some 
cardiologists and internists, who seldom listen over the xiphoid cartilage 
and lower sternum, probably because significant murmurs are rarely 
heard there. Freeman and Levine, in then- study of 1000 consecu- 
tive “non-cardiac” cases, to determine the clinical significance of the 
systolic murmur, and Gibbes,^* in his investigation of heart murmurs, 
heard in 1166 consecutive examinations, refer only to the apex and 
the base of the heart. Similarly systolic murmurs were divided by 
Hunt®^ into those best heard over the base of the heart and over the 
apex. 

In the writer’s opinion, the failure of most cardiologists and internists 
to notice the xiphosternal crunch is due to the fact that their ears 
have become so trained to recognize pathologic sounds and to ignore 
all other sounds which their experience has taught them have no 
pathologic significance, that the latter sounds, when heard, are not 
impressed on their field of consciousness. Yon Jiirgensen^- similarly 
explained why a person with an acute ear, but without an intimate 
knowledge of the heart, can hear “murmurs” more easily than one 
with an experienced ear, which from the first is accustomed to exclude 
the unessential features of the sensory impression, with the result that 
these features of it escape his observation. Gibson“ said that tri- 
cuspid incompetence is so commonly found during the examination of 
patients who suffer from diseases of the most varied kind, that it 
frequently passes unrecorded. 

Wolferth and Margolies"® complain that “extra” heart sounds con- 
stitute a very common auscultatory finding and yet comparatively 
little is said about them in the various standard works on physical 
diagnosis. Nevertheless, these authors fail to mention the xipho- 
sternal cruneh in either of their articles on extra heart sounds.’’®-’^ 

Characteristics of the Xiphosternal Crunch. The characteristics of 
the xiphosternal crunch are not always the same. YTile frequently 
likened to a cruneh, tlie phenomenon has also been d(^ 
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scribed as a rubbing/® brushing,®^ scraping/i-®®-®!-®^ grating/®-®® 
scratching,”'®^’®®-®® rasping,® chisel-sound,”-®® buzzing,®® flapping,®^-®® 
puff,®® squeal,®® squeak,®^ click,^-“-i®-«-«^ metallic click or tinkling, '‘■”-‘‘® 
clacking,^-®®-®® creak, whizzing, ^ tapping,®^ iriurmur,”-®^-^®-®!-®®-®®-®® 
gastric tinkle,®® after tone or echo,®® reduplication,”-®® coin sound,” the 
word “ching,”” friction,”-”-®®-®*-®®-®®-®®-®^ and a vibrating,®®-®® and as 
high-pitched,®®-®^ rough,®-®”®* superficial,” •®®-®*’®®’®®-®”®* dry,®® stiff,®®-®® 
harsh,®® short and rough,®* short and quick,®® musical,®-*® and extra- 
cardial.®-**-®® 

The sound has been compared to that made by a foot crunching in 
soft snow,®* by striking the clasped hands against the knee,®®-®®-®* by 
a chisel or short plane used forcibly across the end of a piece of timber,** 
by a file dravm over wood,®® by the rubbing together of two pieces of 
velvet,®* by drawing a cork out of a bottle,®* by allowing a stiffly 
starched cuff to rub slightly against the other, while they are on the 
wrist,®® and to a motor-knock,®® to the creak of leather of a new saddle 
under the rider,*® and to the sound heard when one places the palm 
of the hand over the ear and percusses the occiput with the end of the 
index finger.*® 

The xiphosternal crunch is regarded as accompanying systole** •*®'®®'®®’®* 
by many, although some say it may be systolic,** •®® diastolic,®*-®® or 
both. In the writer’s experience the majority has been systolic. 

The phenomenon has been observed by Blumer** in all ages after 
infancy but by the writer chiefly in adults. Other observers fail to 
mention age. 

In many cases the sound is increased by leaning forward, **-®*'®®'®® bj’’ 
exercise,®-®® and by nervousness, excitement or fear,®-®® and is dimin- 
ished on lying,®*'®® when it may even disappear.®-®*-®® 

The different phases of respiration may or may not affect it, but it 
never is present only during the respiratory motion. 

The area over which the crunch is heard varies greatly in extent, 
usually being greater when the sound is loud. In Blumer’s** cases the 
area of maximum intensity -was 13 by 9 cm. in the average adult and 
7 by 4 cm. in children. 

The Cause of the Xiphosternal Crunch. The origin of the xipho- 
sternal crunch is unknown, although various explanations have been 
suggested. 

The cause has been regarded by some as endocardial, such as vibra- 
tions of the chorda tendineae produced by imperfect contraction of 
their muscular attachments,®® permanent lack of tone,®® and congenital 
perforation of the aortic valve.®® The phenomenon has been regarded 
as a valve sound,®®-®® a cardiomuscular sound,®-®® and a drawing out of 
the scratch of the second aortic sound.®* 

A number of observers have believed the cause to be in the peri- 
cardium, including a fibrous patch on the pericardium,®® fibrous patches 
plus toxemia,**-®® bubbles of air in the pericardium,*® rubbing of the 
visceral over the parietal lamina of the pericardium®- and localized 
precordial roughening.®® Benedict® thought the crunch to be of 
cardiopulmonary origin, due to a direct compressive action of a tilted 
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or displaced heart against the lung, producing an audible current of 
air from the vesicles into the bronchial tubes. 

Other explanations are; friction of the heart against the chest 
the crowding of an enlarged heart in the inferior mediasti- 
num/® downward displacement of the heart due to emphysema, 
mediastinal emphysema — the air in the tissues causing a crepitant 
sound,®® movement of the xiphoid,^® changes in the tension of the 
loose cellular tissue in the sterno-pericardial ligament, which binds the 
anterior surface of the pericardium to the posterior thoracic wall and 
which may be affected by the movements of the heart, and gastric 
resonance imparted to the right ventricle of the heart through the 
diaphragm.®’®® 

The Incidence of the Xiphosternal Crunch in Healthy Men (Inductees). 
Blumer^i regards the xiphosternal crunch as a normal phenome- 
non. He, Osier,®® Brown, and Norris®® have found it of frequent 
occurrence in health. It has also been observed in healthy persons by 
Sansom,®^ Colbeck,^® King®^ and the writer. No attempt has been 
made heretofore, however, to find out how frequently it occurs in 
persons in good health. 

Procedure. In order to determine the incidence of this phenomenon in 
healthy men the writer has recorded its occurrence in 5000 consecutive examina- 
tions of inductees, noting the intensity and transmission of the sound and the 
age, development and pulse rate of those exhibiting it. 

The men were seated when examined and in most instances were not made 
to lean forward, lie down or exercise. 

Of 4982 men studied, 887 (17.8%) shouted the xiphosternal crunch. 
The last 3000 were examined more carefully than the preceding 2000 
and the writer’s ear probably had become more acutely sensitive to 
the sound. In 660 (21.1%) of these 3115 men the crunch was heard. 
More careful notes were made in this latter group as to accompanying 
conditions. 

In these 660 cases the crunch was slight in 43.3%, moderate in 
35.7% and marked in 21%. The cases where the crunch wms slight 
might easily be missed by one not accustomed to the sound. The 
marked crunch is the one that is most likely to be mistaken for a 
murmur (Table 1). 

Table 1. — Chahacteeistics or Xiphosternal Cbench 

Incidence: 660 cases found in 3115 examinations (21.1%) 

Degree: Slight in 43.3% ; moderate in 35.7% ; marked in 21% 

Diagnosed as murmurs: Mitral, 24 (3.6%); functional, 10 (1.5%) 

Sound transmission: None, 18.2% ; to the left, 81.8% (midprecordium, 9.3% ; 
apex, 1.7%) 

Of these 660 crunches, 24 (3.6%) are known to have been diagnosed 
as organic mitral murmurs and 10 (1.5%) as functional murmurs 
(Table 1). 

The crunch was heard only over the sternum and ensiform in 18.2% 
of these cases and was transmitted to the left in 81.8%, being heard 
as far as the mid-precordium in 9.3% of the latter and as far as the apex 
in 1.7% (Table 1). 
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The body development of those exhibiting this phenomenon was not 
found to be poor (Table 2), although some attribute it to the presence 
of a thin chest wall or of a funnel-chest. The unusually high pulse 
rate (Table 3) was probably due to excitement incident to the examina- 
tion. Nearly all those with pulse rates above 100 were made to lie 
down for varying periods before the final count was made. 


Table 2 . — Auovirr of Bodv DEVEtopsiEOT 
(In 749 men exhibiting crunch) 


Poor . 

Per cent 

3.4 

Fair 

16.6 

Good . . . 


Table 3,— 

-Sitting Pulse Rate 

(In 733 men exhibiting cruncli) 

Rate 

Per cent 

70' or less 

6.2 

71-80 . . 

15.0 

Sl~90 . . 


91-100 . . 

39.3 

101-110 . . 

5.6 

111-120 . . 

6.0 

Over 120 . . 

2.4 


Summary. In a little over one-fifth of healthy men (inductees) a 
crunching sound is heard over the lower sternum and the ensiform 
cartilage, accompanying one or both sounds of the heart and occurring 
chiefly during systole. The intensity of this sound is slight in a little 
less than half the cases, moderate in a little more than one-third and 
marked in slightly more than one-fifth. This crunch is confined to 
the sternum and ensiform in a little less than one-fifth of the cases 
and is transmitted to the left in slightly more than four-fifths, being 
heard as far as the apex in slightly less than a tenth of the latter. 

In men the sound apparently bears no relationship to general devel- 
opment or pulse rate. 

Apparently the crunch has no pathologic significance. 

The importance of its recognition lies in its sometimes being regarded 
as an organic or congenital heart murmur or as a pericardial friction. 

Although this sound has been reported on a number of occasions 
from 1819 to the present time, it seldom is referred to in books or 
articles on cardiology, medicine or physical diagnosis and is recognized 
bv few clinicians. 
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A HEREDOFAMILIAL NEUROLOGIC DISEASE, RESEMBLING 
CHARCOT-MARIE-TOOTH TYPE OF PROGRESSIVE 
MUSCULAR ATROPHY, IN A CHINESE FAMILY 

. By Major Calvin F. Kay, M.C. 

AND 

Major Herbert S. Gaskill, M.C. 

20th general hospital, a.p.o. 689, new York, n. y. 

About 100 years ago a bride of the family Ch’iu came to Pi-Shan, a 
village of Szechwan Province in western China. She bore the deformi- 
ties and weaknesses of a disease which in the next 3 generations afflicted 

11 of her 15 descendants who survived infancy. One of tliese, a 
Chinese soldier, was studied in a United States Army hospital. Our 
information concerning the family liistorj’' and the general characteris- 
tics of the disease was supplemented by Dr. Chang Kuang-Hua of the 
Chinese National Health Administration, who visited and examined 
the mother and 4 siblings of our patient. 

Family History. (See also a later paragraph.) In this predominantly 
male family (Fig. 1) there was only 1 normal male descendant out of 

12 males born in 3 generations, but 2 of the 3 females were normal. 
The hereditarj'^ trait in this family had dominant characteristics with- 
out sex linkage, afflicting and transmitted by both sexes. 2 he progeny 
of the 1 normal descendant who bore children were not diseased, ihe 
afflicted individuals could usually be distinguished from infancy y 
the presence of a flexion deformity of the hands. At about the age 
of 6 or 7 the children would stumble and fall when they ran. llie 
weakness of the exTremities was frequently accompanied by a sensa- 
tion of numbness in the distal segments. Some of the individuals v ere 
moderately subnormal mentally, others were of average or abo^e 
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average intelHgenee. In the males there was a high incidence of 
impotence. Characteristically the symptoms were worse in winter 
than in summer, and immediate subjective improvement occurred in 
going from a cold to a warm environment. The degree of incapacity 
varied considerably in different individuals, but those with even the 
mildest manifestations were clearly abnormal. 
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Fig. 1. — Descendants of the bride of the family Ch’iu. Males indicated (;)y squares, 
females by circles. Afflicted individuals indicated by solid figures. 


In most instances there was little if any progression of the disease 
after childhood. Occasionally, as in our patient, there was an irregular 
progression. Life expectancy did not appear to be greatly inflnenced; 
at least 3 of the afflicted individuals lived beyond the age of 60 years. 

Case History. Our patient, Wu Fang Lin, aged 34 (Figs. 2 and 3), was 
recognized to be defective as an infant by the continuous flexion of his hands 
when at rest. From childhood he was weak and clumsj^, unable to run properly 
or otherwise partake in strenuous games. He learned to read and write, and 
thereafter participated in the operation of his parents' small merchandise shop. 
At the age of 25, he was taken into the Army where he performed camp duties 
adequately but could neither run nor endure long marches. His superiors 
recognized his physical handicap, assigned him to light tasks, and Anally, after 
3 years of service, discharged him. He returned to his home and again devoted 
his time to buying and selling and such book work as was necessary in the 
shop. He was again called into the Army in October 1942, then aged 33. 
Although weakness prevented the performance of full duty, he was flonm to 
India for training in February 1943. During the following 2 or 3 months his 
symptoms progressed rapidly. By May, when he was admitted to our hospital, 
he was able to walk only with the support of two canes. In addition to his 
weakness, he complained of numbness of his extremities and genitalia. He 
had not had a penile erection in many years. He had noted no sphincter 
disturbances. 
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Examination showed no significant abnormalities except those apparently 
related to his disease. He was of average size and intelligence. Except when 
attending to the necessities of life he remained practically motionless and 
expressionless, lying down or sitting propped up in bed. 

Neurologic examination disclosed the following findings: The pupils were 
round and equal; they reacted to light and accommodation. The extra- 
ocular movements were full; there was no nystagmus; the corneal reflexes were 
active. The left palpebral fissure was narrower than the right, but this had 
more the appearance of an asymmetry than a true ptosis. The disks were 
well defined and of good color; there was a patch of mediillated fibers on the 
temporal side of the left retinal fundus. The maculse and vessels were normal. 
There was no weakness of the muscles of the face, palate or tongue. Pain 
and tactile sensations were normal over the face. 



Fig. 2. — Wu Fang Lin. 


The hands were constantly held with the fingers flexed, but there were no 
contractures; the fingers could be passively extended vuth ease. The haria 
grips were very feeble; extension of the fingers and of the hands at the wrists 
was ver3’' weak. The strength of forearm movements was dmmished, of 
shoulder movements well maintained. All movement of the toes and fee 
were extremely weak; there was moderate weakness of movements oi the leg 
and thigh. With his arms folded across his chest he was unable to sit up 
from the recumbent position. There w'as moderate atrophy of the mtnnsi 
musculature of the hands and feet, but elsewhere the muscular development 
was within normal limits. There was generahzed hypotonia. Due ^ the 
weakness of the extremities no satisfactory evaluation of sjmergia or cijs- 
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mctria could be made. Tlic patient was able to ■write Chinese characters 

crudely but legibly. , , 4 tu 

Biceps, triceps and patellar reflexes were active and equal, the Acnilles 
reflexes were diminished. The abdominal and cremasteric reflexes^ were 
present. There were no pathologic rcflc.xcs. Ilis gait was aji indescribable 
combination of steppage, ataxia and general weakness, requiring the support 
of a cane in one hand and a fixed object in the other. In the Bomberg position 
wth the eyes closed the patient would fall. 



Fio. 3. — The patient. Especially note the chnrnctcristic position of the liands. 


There was hypesthesia to pin prick and loss of light touch in the distal 
segments of the extremities. Vibration was also lost in the extremities. Sense 
of position was uncertain in the big toes and thumbs. 

Laboratory studies showed no abnormality. These included blood counts, 
urinalyses, blood Kahn, spinal fluid examination, nasal smears for leprosy, 
Roentgen rays of the entire spine, and biopsies from the deltoid and soleus 
muscles. 

He was under observation in the hospital for a period of over 1 year during 
which time the only change observed was a slight increase in his muscular 
weakness. Prostigminc (0.001 gm. hypodermic) produced salivation and 
abdominal cramps without otherwise affecting his symptoms. Quinine sulfate 
(1.28 gm.) and potas-sium citrate (5 gm.) were likewise ineffective. General 
warming of the body produced subjective improvement without objective 
change. 

The mother and 4 siblings of tlie patient were examined by Dr. Chang 
Kuang-Hua. The youngest brother, age 22, and the sister, age 43, 


VOU 210, no. 3— BEPTEMBEIt, 1045 


13 




34G KAY, gaskill; a hekedofamilial neubologic disease 

showed no signs of neurologic disease. The children of the sister were 
not examined, but were said to have been normal. The mother, age 
63 years, had had numbness and weakness and a flexion deformity of 
her hands from early childhood. She had required a cane for support 
from the age of 40, but felt that her symptoms were little if any worse 
than m her childhood. The 2 afflicted brothers, aged 39 and 26 years, 
had similar symptoms. Neither had had a penile erection in many 
years. The mother was of above average intelligence, the afflicted 
brothers were mentally dull and had poor memories. Ail 3 had de- 
formed hands, impaired sensations in the extremities and active deep 
reflexes throughout. None had apparent muscular atrophy or hyper- 
trophy. 

Differential Diagnosis. The following diseases were considered in 
differential diagnosis; myasthenia gravis, Friedreich’s ataxia, progres- 
sive muscular dystrophy, spinal muscular atrophy and progressive 
muscular atrophy of the Charcot-Marie-Tooth type. 

Myasthenia gravis was readily eliminated since activity had little 
effect in producing fatigue and rest did not result in improvement; 
this was substantiated by the absence of favorable response to prostig- 
mine or unfavorable response to quinine. Although this disease bore 
a superficial similarity to Friedreich’s ataxia in its hereditary nature, 
muscular weakness and sensory disturbances, the 4 cardinal signs, 
nystagmus, slurred speech, kyphoscoliosis and pes cavus, were missing. 
Progressive muscular dystrophy was eliminated from consideration by 
the distribution of the muscular weakness predominantly in the distal 
segments of the extremities, the presence of sensory abnormalities, and 
the absence of dystrophic changes in the muscle biopsies. The heredi- 
tary nature of this disease, its early appearance and benign course 
eliminated spinal muscular atrophy. 

This hereditary neurologic diseasq .appears to fit into the category 
of the Charcot-Marie-Tooth type of progressive muscular atrophy. 
The early onset of the disease together with its benign nature, the 
predominant occurrence in males, the involvement of the distal seg- 
ments of the extremities and the heredofamilial characteristics of the 
illness all point to this diagnosis. Muscular weakness disproportionate 
to the degree of muscular atrophy is an atypical feature; however tliis 
syndrome seems to fit better into this category than any of the other 
known heredofamilial neurologic diseases. 

Summary. A case of muscular weakness and atrophy together with 
sensory abnormalities which began in early childhood, occurring in a 
Chinese soldier has been described. A similar affliction was observed 
in his mother and 2 of his siblings. The disease is said to have occurred 
in 11 of 15 descendants of his maternal great-grandmother who suffered 
from the same disease. While this disease does not fit precisely into 
any of the known types of heredofamilial neurologic diseases, it most 
closely approximated the Charcot-Marie-Tooth or neural type of pro- 
gressive muscular atroph 3 A 
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A STUDY OF THE GOITROGEN, PROMIZOLE,* WITH REFERENCE 
TO THE THYROID, METABOnSM AND THE BLOOD 

By George ISI. Higgiks, Pn.D. 

llOCUEBTKn, MIKN. 

(From DiviFion of Expcrimcntol Medicine, Mnyo Foundation) 

Experimektal goiter lias often been produced in animals that were 
fed diets in which suhoptinial intakes of iodine were provided. Organic 
substances in vegetable sources also have proved to he goitrogenic. 
Leaves of plants and seeds of the Brassica family (cabbage, cauliflower 
and broccoli) were potent sources for such tlnToid-stimulating fac- 
tors. Likewise soy bean flour contained a factor that proved 
goitrogenic.^^ Phcnylthiocarhamide produced large hyperplastic goi- 
ters.-^ The thyroid hyperplasia induced by many of these agents, 
however, was prevented by the simultaneous administration of iodine. 
Amounts as low as 2 pg. per day were adequate to prevent the thyroid 
hjqicrplasia in animals fed soy bean flour. Likewise, experimental 
goiters produced by methyl cyanide” or by potassium thiocyanate' 
were inhibited by the simultaneous administration of iodine. 

Kennedy and Purves'* in New Zealand, however, were unable to 
prevent the bjqierplasia of the thyroid that ensued on feeding Brassica 
seeds, by giving iodine in amounts as high as 1000 pg. per day, injected 
in the form of iodide. Thus the thjToid-stimulating effect of this 
factor, concentrated in the seeds of these plants, was unrelated to 
iodine deficiency. Subsequently Purves*® showed that diiodotyrosine 
(1.7 mg. per day) only modified the extent of thjToid hyperplasia but 
that thyroxin (3 to 10 pg. daily) completely inhibited these thjToid 
changes. The conclusion was indicated that some factor or factors in 
the seeds inhibited the synthesis of thjToxine, resulting in an increased 
output of thyrotropic hormone. Cj'tologic studies had previously 
shown that the pituitaries of rats fed the Brassica seed diet contained 
increased percentages of the basophilic cells with hyalinization and 
vacuolation and a simultaneously decreased percentage of the acido-' 
philic cells.® 

In this countrj’- MacKenzie and MacKenzie,'® and Astwood, Sulli- 
van, Bissell and Tyslowitz® showed that certain sulfonamide compounds 
and thiourea-like drugs were lilvcwise goitrogenic and that their thyroid- 
stimulating potencies were not inhibited by the co-administration of 
iodine. Astwood' identified two chemical groups that depressed thy- 
roid function. Those which contained the combination NH'CS'NH 
caused thyroid hjqjerplasia and those which contained an aniline group, 
as certain sulfonamide compounds, likewise were goitrogenic. Such 
goiters could be inliibited by thyroxin or desiccated thyroid but di- 
iodotyrosine was without any effect. 

Although both groups of goitrogens, namely, the iodine-inliibited 
goitrogens such as potassium thiocyanate and the iodine-resistant 

* Promizolo (4,2'-diaminophenyl-5'-thiazolyl sulfono) was made available for this 
studythrough the courtesy of Drs. E. A. Sharp and L. A. Sweet of Parke, Davis & Co. 
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goitrogens such as thiouracil/^ produced, when given to rats, extreme 
hyperplasia of the thyroid glands, yet there were marked differences 
in the capacities of the stimulated glands to take up iodine. Using 
tracer doses of radioactive iodine, Rawson, Tannheimer and Peacock^^ 
learned that the average uptake of iodine by the normal unstimulated 
gland was 56% of the administered dose. Thyroid glands made 
goitrous by potassium thiocyanate took up 87 % while those stimulated 
by thiouracil took up 10% of the injected tracer dose of iodine. 

The effect of these goitrogens, thiourea or thiouracil, it is agreed, 
is on the thyroid cells where a functional thyrostasis, inhibiting forma- 
tion of thjuoxine, has occurred. In the rat, the drug appears to inter- 
fere with the incorporation of iodine into diiodotyrosine and into 
thjToxine by the thyroid cell. Astwood and BisselP have shown that 
thiouracil induced a nearly complete depletion of iodine from the 
thyroid gland, a result that was nullified by administration of thyroxin. 
The thjnoid hyperplasia that ensued on giving the drug was the result 
of thyrotropic stimulation. But Astwood and BisselP showed that 
the injection of large amounts of this pituitary hormone caused but a 
relatively small loss of thyroid iodine. Iodine concentrations in the 
thyroid gland proved to be a function of the amounts of thiouracil 
administered to the animal. 

Basal oxygen consumption declined by 10% in 5 to 7 days and by 
20% in 10 to 14 days in animals that were made goitrous by adding 
sulfaguanidine to thfeir diet.^® Prolonged feeding of the drug reduced 
the basal metabolic rate to thyroidectomy levels but its withdrawal 
from the diet resulted in a prompt return of the basal metabolic rates 
to normal levels. 

In addition to certain sulfonamide compounds and thiourea-like 
derivatives the sulfone, promizole (4,2'-diaminophenyl-5'-thiazolyl 
sulfone) has been shown to be goitrogenic.^ Feldman, Hinshaw and 
Mann® learned that this sulfone exerts a very favorable influence on the 
course of experimental tuberculosis in guinea pigs. The changes 
exerted by the drug on the thyroid gland are not unlike those induced 
by the previously described goitrogens and include increases in the 
acinar cell heights, in the number of thyroid acini and in the .total 
gland weights and destruction and final disappearance of th§ colloid 
bodies from the thyroid acini. 

This report is a summary of additional studies of the effects of 
promizole on the thyroid and ’pituitary glands, on consumption of 
oxj’’gen and on the formed elements of the blood. 


Method. Immature rats weighing from 60 to 80 gm. have been used. 
Purified diets were provided in small ointment cups with covers ^ adapted 
as to restrict waste of food. The diet was as follows; sucrose, 74%; puniiea 
vitamin-free casein, 20 %; corn oil (Mazola), 4%; Osborne-Mendel salt mix- 
ture, 2 %. Cod-liver oil was provided by mouth weekly and 1 cc. of a mixture 
of the vitamin B fractions was given daily by catheter. On this diet our 
control rats grew satisfactorily and their growth curves were normal. 


* Each cc. contained 100 pg. of thiamine. 200 pg. of riboflavin, 100 ag. of pyridoxino, 
200 pg. of pantothenate, 1 mg. of niacin and 10 mg. of chohno chloride. These vitamins 
were courteously provided me by Merck & Co,, Rahway, N. J. 
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Promizole was administered in various ways. Suspensions in distilled water 
have been given daily by mouth or by the intraperitoneal route. Varying 
amounts have been given, ranging from 5 to 25 mg. per rat per day. When 
thyroxin, desiccated thyroid or sodium iodide was given concomitantly with 
the drug, it was provided as follows: thyroxin, 50 //g- daily, intraperitoneaUy; 
desiccated thyroid, 0.25% in the diet; sodium iodide, intraperitoneaUy, so 
that each rat received 100 tig. of iodine daily. 



Fig. 1.— Sections of thyroid glands of young rats that received 25 mg. of promizole 
daily. A, Control thyroid. B Thyroid gland after 2 daily injections. C, Thyroid 
gland after 3 daily injections. D, Thyroid gland after 7 daily injections. E, Thyroid 
gland after 10 daily injections. 
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Data on oxygen consumption were obtained by means of a closed circuit 
apparatus attached to a I&ogh spirometer.® Three successive readings were 
taken on animals following a 16 to 20 hour fast and the number of calories 
per square meter per hour was computed. The formula of Lee (S.A. = 
12.54_ X W 0.60)1^ was used to compute the surface area from the body weight. 

Anmals were weighed at intervals on a dietitian’s scale. At necropsy the 
th 3 woid glands were quicldy dissected from the trachea, freed of connective 
tissue, weighed on a precision balance to 0.1 mg., fixed in formalin and pre- 
pared for histologic study. Likewise the pituitaries were removed and 
weighed and in some instances histologic sections were prepared. 

Hematologic determinations were made on heparinized samples of blood 
withdrawn from the heart. The total number of erythrocytes and the total 
number of leukocytes per e.mm. of blood were determined. The grams of 
hemoglobin per 100 cc. of blood, the size of the red cells in cubic microns and 
the differential leukocyte distributions were determined, using standard 
techniques. 

In many instances promizole concentrations in the blood were obtained on 
samples taken by cardiac puncture. Determinations were made, using the 
modified Marshall technique,^ emplo 3 ring the Sheard-Sanford photelometer 
for colorimetry. 

Eesults. I. The Effect of Giving 25 Mg. of Promizole Daily, Intro- 
peritoneally, to Young Male Bats for 10 Days. The weights of the ani- 
mals and of their thyroid gland and pituitary gland are shown in Table I. 
The histologic appearance of the thyroid glands is shown in Figure 1. 
'All animals failed to gain in weight after the 3rd day. There were 
some anorexia and considerable alopecia. Increases in the weights of 
the thyroid glands were not significant until the 3rd day but by the 
,10th day the glands had approximately doubled in size. No significant 
changes were observed in the absolute or relative weights of the pitu- 
itaries during the 10 day period (Table 1). The initial effect on the 
histologic structure of the thyroid involved changes in the colloid 
bodies (Fig. 1). On the 3rd day, colloid bodies were fragmented and 
significant increases wmre observed in cell heights. By the 7th day 
colloid bodies had essentially disappeared and on the lOtli day exten- 
sive hyperplasia of the thyroid cells had practically obliterated the 
lumina of the thyroid follicles (Fig. 1). 


Tabm 1. — Effects of Giving Pboiiizoi/B (25 Mg. Daiby, iNTHAPEErroNEAi/LY) foh 
10 Days 'on the Weights op the Thyhoid and PrroiTAEY Gbands 


Injections 
0 . 

3 . 

3 . 

7 . 

10 . 

0 . 


Thyroid gland (mg.) Pituitary giand (mg.) 


Elapsed Attained 
time body -weight 
(hrs.) (gpo.) 

. 0 72 

. 48 75 

. 72 82 

. IBS 74 

. 240 61 

.240' 104 


Per 100 gm. 
Absolute body weight 

6.5 8.9 

6.9 9.2 

9.6 11. S 

11.3 15.0 

12.8 20.9 

7.9 7.6 


Per 100 pn. 
Absolute body weight 

3.3 4.5 

3.1 4.2 

3.1 3.9 

2.5 3.9 

2.6 4.2 

3.3 3,1 


II. The Effects of Giving Thyroxin, Desiccated Thyroid and Sodivm 
Iodide, While Giving Promizole {25 Mg.) Daily for U Days. Sixty 
young rats having an average weight of 62 gm. were placed on the puri- 
fied diet. Forty of these received 25 mg. of promizole by mouth daily, 
10 received the same amount intraperitoneally and 10 were given 
water without promizole and served as controls. Of the 40 animals 
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that received promizole by mouth, 10 animals received in addition 
50 ng. of thjToxin daily, 10 animals received desiccated thyroid at a 
0.025% level in their diet, 10 animals received sodium iodide in an 
amount equivalent to 100 fig. of iodine daily and 10 animals received 
promizole alone. Observations continued for 14 days. 



A B c 


Fig. 2. — Gross appearance of tlijToid glands of animals that received 14 daily injec- 
tions of promizole. A, Promizole alone. B, Promizole when co-administered with 
thjToxin. C, Promizole when co-administered with sodium iodide. 



Fig. 3. — Histologic appearance of thyroid glands of animals that received 14 daily 
injections of promizole. A, Promizole plus thsToxin. B, Promizole plus sodium iodide. 


The gross appearance of the thyroid glands of animals that received 
the goitrogen alone, and of those of animals that received thyroxin or 
sodium iodide, together with the goitrogen, is illustrated in Figure 2. 
The differences in the cytologic appearance of the thyroids of animals 
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that received tlyroxin -with the goitrogen and those that received 
sodium iodide with the goitrogen are shown in Pigure 3. 

The data assembled on the body weights of these animals and the 
weights of their thyroid glands and their pituitary glands, together 
with their probable errors, are included in Table 2, It is obvious from 
the data that the co-administration of either thyroxin or desiccated 
thyroid completely inhibited the goitrogenic action of promizole. 
Fifty ng. of thyroxin was, of course, greatly in excess of the daily 
requirement of a rat but attempts were not made to determine the 
minimal amounts necessary to inhibit the goitrogenic action of promi- 
ple. The addition of sodium iodide at such a level that 100 jug. of 
iodine was given daily proved ineffective in restricting the goitrogenic 
action. In fact, both the absolute weights and the relative weights of 
the thyroid glands of these animals that received iodine were signifi- 
cantly greater than those obtained when animals were given promizole 
alone (Table 2). 

Table 2. — Effects of Giving Peomizole (25 Mo. Daily) for 14 Days and the 
Influence on the Thyroid and Pituitary Glands op Giving Thyroxin, 
Desiccated Thyroid or Sodiuai Iodide at the Same Tisie 

Thyroid gland (mg.) Pituitary gland (mg.) 


Eoute of ad- 
ministration 
of promizole 

Supple- 

mental 

therapy 

Animals 

Attained 

body 

■weight 

(em.) 

Absolute 

Per 

100 gm. 
bodv 
weight 

Absolute 

Per 

100 gm. 
body 
weight 

0 

0 

10 

85 

13.6*0.7* 10.8*1.2 

3. 3*0. 2 

3. 9*0. 2 

Oral 

0 

10 

99 

80.1*3.9 

29.6*3.9 

4. 8*0. 3 

4. 8*0.2 

Intra peritoneal 

0 

10 

104 

42.4*2.6 

40.2*1.9 

5.4 *0.2 

5. 2*0.2 

Oral 

t 

10 

77 

10.4*0.7 

13.3*0.7 

3.7*0. 1 

4. 8*0. 2 

Oral 

t 

10 

02 

8. 8*0. 5 

14.1*0.9 

3.1*0.! 

4. 9*0. 2 
4. 8*0. 2 

Oral 

§ 

10 

98 

48.8*3.3 

50.5*4.0 

4. 7*0. 2 


* Figures folio-wing each sign are probable errors of the mean. 

t Thyroxin, 50 pg. daily, intraperitoneally. 

t Desiccated thyroid, Q.025‘^o m the diet. 

§ Sodium iodide, 100 pg. of iodine daily as sodium iodide, subcutaneously. 

These thyroid changes were accompanied in this series of animals by 
increases in the weights of the pituitary glands of all animals that 
received the goitrogen alone and those that received the goitrogen 
plus iodine. But the weights of the pituitaries recorded for animals 
that received thjnroxin or desiccated thyroid together with the goitro- 
gen were no greater than in untreated controls. However, because 
of the loss of body weight of all animals receiving thyroid hormone 
the ratios of the weights of their pituitaries to their body weights 
were considerably greater than those of the untreated controls. Thus 
the co-administration of iodine, which did not restrict the thyroid 
hyperplasia, likewise did not restrict the increases of pituitary weight 
observed when animals received the goitrogen alone (Table 2). 

III. The Inflnence of Sex on the Thyroid and Pituitary Changes That 
Were Induced by Gixing Promizole, 35 3Ig. Daily, to Adult Rais. 
though immatme rats are known to be more susceptible to the action 
of goitrogens than adults, a study was made of the influence or the 
sex factor on the changes induced by promizole in adult rats. Tor 
this study our standard laboratory rat ration provided ad hbitim. 
A group of 16 males weighing an average of 165.8 gm. and a group o 
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16 females weighing an average of 130.4 gm. were selected. Half of 
each group were given 25 mg. of promizole, in a water suspension, by 
mouth daily and the other half served as a control group. Observations 
were continued for 3 months. 

The data on the body weights of these animals and on the absolute 
weights and relative weights per 100 gm. of body weight of their 
thyroid and pituitary glands are condensed into Table 3. It is obvious 
that the goitrogen had no significant effect on the further growth of 
these adult rats during the 3 month test period. In each sex, the 
average attained body weight of the test group of animals was less 
than that of its control group; yet the differences were not statistically 
significant. The reactions of the thyroid gland to the goitrogen, 
however, were much greater in the females than in the males, attaining, 
in the former sex an average thjToid gland weight that was nearly 
twice that which developed in the males. Sex differences in the 
increases in the weights of the pituitary glands were likewise observed. 
In the males, the mean pituitary gland weight of the test group was 
1.2 ±0.4 mg. greater than that of the control group; this is perhaps a 
barely significant increase. But in the female group of rats this same 
difference was 2.4±0.6 mg. and indicates that the pituitaries of the 
test females were significantly larger than those of control females. 
This increase in the size of the pituitary may bear some relationship 
to increased hj’perplasia of the thyroid glands in test females. 


Table 3.— Effects of Giving Promizolb (25 Mg. Daily, by Mouth) to Adult 
Male and Female Rats for 3 Months 


Promizole Attained 

administered body 

daily weigiit 

Sex (rag.) (gm.) 

Male . . 0 233.0 ±8.1* 

Male . . 25 203.5 ±9.8 

Female . . 0 153. 4 ±4.1 

Female . . 25 145. 7 ±5.1 


Thyroid gland (rag.) 

Per 100 gm. 
,4bsoIuto body weight 

12.4±0.7 5.4±0,3 

32.1±3,1 10.7±2 2 

11.3±0.3 7.4±0 3 

61.2±5.7 41,8±3.3 


Pituitary gland (mg.) 


Per 100 gm. 
Absolute body weight 

6 . 1 ± 0.1 2 . 6 ± 0.2 
7.3±0.4 3.S±0.3 
7 0=t0.2 4.6±0.2 
9.4±0.6 6.4±0.3 


* Figures following each ± sign are probable errors of the mean. 


All test animals, males and females, received by mouth the same 
amounts of the goitrogen each day. But since the mean body weight 
of the animals constituting the female test group was less, by 57.8 gm., 
than that of the male test group, the increased weights of the thyroici 
gland and pituitary gland found in females may be due to greater 
drug concentrations in the blood. In the females, the average con- 
centration of the goitrogen at the end of the experiment was 1.03 mg. 
per 100 cc. of blood while in the males it was 0.33 mg. per 100 cc. 
That there may be a real sex difference is indicated by the work of 
Mixner, Reineke and Turner,^® who reported that female chicks exhib- 
ited a greater thyroid response to thiouracil than males and that 
females required greater amounts of thyroxin to depress thyroid 
weights or to maintain them at normal levels than males. 

Although promizole exerts certain toxic and untoward influences on 
the hemopoietic system of growing rats, significant differences were not 
observed between the data assembled on the formed elements of the 
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blood of animals constitutmg tbe test and control groups. These data 
are not presented in tabular form but are included for comparison. 
Among the females, the control group had a mean erythrocyte level of 
9,090,000 cells per c.mm. of blood, a hemoglobin level of 14.3 gm. per 
100 cc. of blood and 10,950 leukocytes per c.mm. of blood. The data 
for the test group were respectively 9,000,000 red blood cells, 13.5 gm. 
of hemoglobin and 13,050 leukocytes. Among the males, the cor- 
responding data of the control group were as follows; 8,950,000 red 
blood cells, 15.9 gm. of hemoglobin and 16,050 leukocytes. The data 
on the test group were 8,660,000 red blood cells, 13.2 gm. of hemo- 
globin and 13,150 leukocytes. It was obvious that neither anemia nor 
leukopenia had occurred. Alopecia, common among immature rats 
when this goitrogen is fed to them, did not occur in adults. 

rV. The Effect on the Formed Elements of the Blood' of Growing Bats, 
of Giving Promizole, 25 Mg. Daily, for 10 Weelcs. Twenty-five young 
male rats, having an average body weight of 54.4 gm., were selected. 
The high carbohydrate purified ration was provided ad libitum. Promi- 
zole, 25 mg. suspended in water, was given orally, each day except 
Sunday, to 15 of the 25 rats for the following 10 weeks. The remaining 
10 rats received an equivalent amount of water each day; these served 
as controls. 

The data assembled from blood samples obtained by cardiac punc- 
ture at the end of the 10th week have been condensed into Table 4. 
It is obvious that in the growing rat fed a purified diet, entirely suit- 
able for normal growth and hemopoiesis, anemia developed when the 
animal was given promizole at a level of 25 mg. daily. There were no 
changes observed in the total number of leukocytes. Although clini- 
cally, granulocytopenia had been observed, the differential percentage 
distribution recorded for this series of rats showed a marked increase 
in the relative number of granulocytes. This, it would seem, is prob- 
ably correlated with a hemopoietic response to the tissue damage which 
was exerted by the drug. 


Table 4. — The Effects on the Fobmed Elements of the Bloob of Giving 
Promizole (25 Mo. Daily, by Mouth) fob 10 Weeks 


. Conirol 

Animals 10 

Promizole daily, mg 0 

Erythrocytes: 

Millioas per c-zom 9. 6^0. 3* 

Size in c/t 42.1=^0.S 

Hemoglobin, gm. per 100 cc. , - ■ 15.9*0.5 

Leukocytes, thousands per c.mm. . 16,2*1.0 

Reticulocytes, % of erythrocytes . 3. 9*0. 7 _ 

Lymphocytes 85.5*1.6 

Monocytes 1-0 

Granulocytes: 

Neutrophilic 12.0*2.4 

Eosinophilic 

Basophilic 0-^ 


Test 

15 

25 

6. 9*0. 2 
49.8*0.8 
12 . 1 * 0.2 
18.8*1.4 
14.8*2.2 
71.0*1.9 
1.1 

26.7*1.9 

0.5 

0.7 


* Figures following each * sign are probable errors of the mean. 


V. The Effects of Giving Graded Amounts of Promizole, 5, 10 and 
15 Mg. Daily, Jntraperiioneally, for 6 Weehs to Young Grooving Ba s. 



HIGGINS: A STUDY OF THE GOITROGEN, PEOMIZOLE 355 

Forty young male rats, weighing between 80 and 90 gm., were selected. 
They were fed the purified high carbohydrate diet and each received 
the vitamin fractions in amounts previously stated. Ten of these 
received 5 mg. of promizole intraperitoneally daily in 1 cc. of distilled 
water, 10 received 10 mg. daily, 10 received 15 mg. daily and 10 re- 
ceived an equivalent amount of distilled water. The latter group of 
10 rats constituted the control group. Observations were continued 
for 6 weeks. Water intake per rat per day was measured dming the 
3rd week of the test. The amount of food consmned was measured 
each day, during the 2nd, 3rd, 4th and 5th week. The oxygen con- 
sumption was recorded for each rat in these groups at the end of each 
week of the experiment. Heart blood was sampled at the end of the 
6th week and the various determinations were made. At necropsy 
the weights of the thyroid and the pituitary glands were obtained and 
values proportional to their body weight were established. 

(a) Water Intake. Animals receiving 15 mg. of the goitrogen daily 
took the largest amounts of water. The average daily intake per rat 
during the week in which measurements were made was 18,5 cc. for 
the control group, 20.2 cc. for those receiving 5 mg. daily, 19.3 cc. 
for those receiving 10 mg. daily and 32.9 cc. for those receiving 15 mg. 
daily. 

(5) Food, Intake and Body Weight. Varying the amounts of the 
goitrogen given daily had considerable influence on the volume of food 
taken each day. During the 4 weeks, when daily measurements of 
food consumed were recorded, each control animal consumed from 
12 to 16 gm. of food daily. The average intake per rat per day of 
those receiving 5 mg. was 14.4 gm., of those receiving 10 mg. the 
intake was 10.8 gm., and of those receiving 15 mg. the intake was 
10.5 gm. of food per day. Thus the drug exerted some influence on 
appetite, which was reflected in the attained weights of these animals. 
During the test period (6 weeks) the average gain per control rat was 
120 gm. or 20 gm. per week. The average weekly gains in body 
weight recorded for the 3 test groups, receiving 5, 10 and 15 mg. of 
promizole daily were respectively 17.2 gm., 11.3 gm. and 7.5 gm. 
Although the food intake per rat per day of those receiving 15 mg. 
was essentially as much as that of those receiving 10 mg. of the drug, 
yet the increase in body weights of the animals in that group was 
significantly less. The drug may, in some way, restrict the action of 
enzymes in the gastro-intestinal tract so as to inhibit absorption and 
adequate utilization of the food consumed. 

(c) The Formed Elements of the Blood. The blood data were con- 
densed into Table 5. The administration of 5 mg. per day for 6 weeks 
did not significantly alter either the mean total erythrocyte count or 
the mean hemoglobin level, although the trend was down. Ten or 
15 mg. of promizole per day proved more toxic, so that significant 
reductions in these categories were obtained in these groups. The 
total leukocyte tabulations were lowered and yet not significantly so 
except in Group II, receiving 10 mg. per day. Obviously leukopenia 
had not been produced. The data on the percentage distribution of 
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the white cells (Table 5) indicate, too, that granulocytopenia did not 
occur. On the contrarj^ the percentages of granulocytes found in the 
blood of all 3 test groups were significantly higher than in the control: 
a result, it would seem, probably due as before to the toxic influences 
which the drug had exerted on the tissues. 

Table 5. — The Effect on the Formed Elements op the Blood op Giving 
Graded Doses op Promizole (5, 10 and 15 Mg. Daily) Intraperi- 

TONEALLT FOB C WeEKS 


Group 



Control 

Test I 

Tost U 

Test HI 

Animals 

10 

10 

10 

10 

Promizole daily, mg 

Erythrocytes: 

0 

5 

10 

15 

Millions per c.mm 

8.0=fc0.2* 

7, 1=1=0. 8 

6. 7=1=0. 1 

6. 0=1=0. 1 

Size in cp 

48,8=tl,0 

52.7=1=1.2 

47.5=1=0.9 

50.0=1=0.2 

Hemoglobin, gm. per 100 cc. blood 

12.8=1=0.2 

11.7=1=0.5 

10.0=1=0,4 

9. 0=1=0. 4 

Leukocytes, thousands per c.mm. 

15.4=1=0.7 

12.7=1=1.0 

9. 1=1=0. 9 

12.8=1=0.8 

Lymphocytes 

81.9=1=0.9 

09.6=1=2.8 

57.9=1=4.3 

60.5=1=2.5 

Monocytes 

Granulocytes: 

0.7 

1.4 

1.0 

2.5 

Neutrophilic 

15.4=1=0.9 

28. .3 =1=0.3 

41.1=1=4.4 

37.0=1=2.7 

Eosinophilic 

1.9 

0.3 

0 

0 

Basophilic 

0.1 

0.4 

0 

0 


* Figures succeeding the =*= sign are probable errors of the mean. 


(d) The Weights of the Thyroid and Pituitary Glands. Data on the 
absolute weights and weights per 100 gm. of body weight of the thyroid 
and pituitary glands have been condensed into Table 6. It seems 
obvious that the proportional increase in the daily administration of 
promizole induced somewhat proportional increases in the mean of 
the absolute weights of the thyroid glands. This fact is reflected, too, 
in the increases in their relative weights. 

Table 6. — The Effect on the Thyroid Gland and Pituitary Gland Weights op 
G nuNG Graded Doses of Promizole (5, 10 and 15 Mg. Daily) 
Intraperitoneally for 6 Weeks 

Thyroid gland (mg.) Pituitoiy gland (mg.) 


Group 

Animals 

Promizole 

daily 

(mg.) 

Absolute 

Per 100 t»m. 
body weight 

Absolute 

Per 100 gm. 
body ncight 

Control 

, . 10 

0 

10.2=1=0.6* 

6. 1=1=0. 3 

6. 9=1=0. 3 

4. 2=1=0. 6 

Test I . 

. . 10 

5 

16.9=1=0.2 

8. 5=1=0. 4 

8.1=!=0.2 

4. 1=1=0. 2 

Test II . , 

. . 10 

10 

38.2=1=0.3 

24.5=1=1.8 

8. 9=1=0. 3 

5. 7=1=0. 2 

Test III 

. . 10 

15 

54.0=1=0.4 

38,1=1=2.0 

8. 3=1=0. 8 

7. 0=1=0. 2 


* Figures succeeding each =*= sign are probable errors of the mean. 


The pituitary glands of the test animals were all larger than those of 
the controls and yet there were no significant differences between the 
average weights of these glands of the 3 test groups. In other words, 
increasing the amounts of the drug, which did significantly increase 
the weights of the thjToid gland, did not further increase the weights 
of tlie pituitary glands. 

Sections of the thyroid glands of these groups of animals are shown 
in Figure 4. There were a progressive increase in the heights of the 
acinar cells and a progressive destruction of the colloid bodies in the 
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thyroid glands of these animals as the amounts of the goitrogen were 
increased. 

(e) Concentration of Proviizole in the Blood Stream of Animals Receiv- 
ing 6, 10 and 16 Mg. Daily for 6 Weeks. The following data on the 
concentration of the goitrogen in the blood stream were obtained from 
samples of heart blood withdrawn 24 hours after the drag was last 
administered. Determining the concentration at that time, that is, 
just before an ensuing administration, gave the probable minimal con- 
centration in the blood. Data thus obtained indicated that 24 hours 
after the third daily administration there was a promizole concentra- 
tion of 1.2 mg. per 100 cc. of blood in animals receiving 5 mg. of the 
drug daily, 1.7 mg. per 100 cc. in those receiving 10 mg. and 2.9 mg. 
per 100 cc. in the blood of those animals receiving 15 mg. daily; 24 hours 



A B C D 

Pig. 4. — Histologic appearance of thyroid glands of animals that received promizole 
for 6 weeks. A, Thyroid of a control animal. B, Thyroid of an animal that received 
5 mg. daily. C, Thyroid of an animal that received 10 mg. daily. D, Thyroid of an 
animal that received 15 mg. daily. 

after the tenth daily administration of promizole, the blood concentra- 
tions of the respective groups were 1.7, 2.2 and 3 mg. per 100 cc. 
Twenty-four hours after the 14th day the concentrations were 1, 1.4 
and 2.3 mg. per 100 cc. respectively. After the 21st day, they were 
respectively 0.8, 1.1 and 1.4 mg. per 100 cc. After the 10th day the 
blood concentrations were progressively less, in spite of the fact that 
the daily administration of the goitrogen was constant in amount 
within each group. 

In a second series of 36 animals an attempt was made to determine 
the rapidity of absorption of promizole and the rate of its elimination 
from the body. Twelve young rats were given, by mouth, 5 mg., 
12 were given 10 mg. and 12 were given 15 mg. One hour later the 
concentrations of the goitrogen in the blood were as follows : in animals 
receiving 5 mg., 1.6 mg. per 100 cc.; in those receiving 10 mg., 2 mg. 
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per 100 cc.; and in those receiving 15 mg., 3.3 mg. per 100 cc. At 
3 hours after giving the drug, the respective concentrations were 1.8, 
1.1 and 3.4 mg. per 100 cc., and at 6 hours, the respective concentra- 
tions were 0.3, 0.3 and 0.5 mg. per 100 cc. Barely a trace of the 
goitrogen was present in the blood of all 3 groups of animals 24 hours 
after the drug had been given a single time. 

(f) The Basal Metabolic Rates, Expressed in Calories per Square Meter 
per^ Hour, of Animals Receiving Graded Amounts of Promizole Daily. 
Using the method previously described,® the mcygen consumption of 
these rats, receiving graded doses of promizole, was computed at the 
end of the 1st, 2nd, 3rd, 4th and 6th weeks. The data are condensed 
into Table 7. Calories per square meter per hour in the group of rats 
that did not receive the goitrogen were relatively constant during the 
entire 6 weeks period of the test. Basal metabolic rates of rats receiv- 
ing 5 mg. of the goitrogen had dropped to —10.8% at the end of the 
6 weeks period, the rates of those receiving 10 mg. had dropped to 
—23.5% and the rates of those receiving 15 mg, had dropped to 
—25.4%. Even within the 1st week of the administration of promizole 
these respective rates had dropped to —6.8, —7.2 and —14.5%, 
respectively. This prompt depression , of the basal metabolic rates 
of rats fed promizole is in keeping with the experimental results 
obtained when sulfaguanidine was .’fed to rats'® and with clinical 
observations as well.' Although ,our data on the consumption of 
oxygen by rats made goitrous by promizole clearly indicate reductions 
of the basal metabolic rates, yet there was extreme variability. Ani- 
mals with extreme hyperplasia of the thyroid gland had rates well 
within the normal range. It may be that promizole does not completely 
block the synthesis of thyroxine. Whitehead^' showed that the oxygen 
consumption of rats that were fed the goitrogenic Brassica seed diet 
and had extremely hyperplastic goiters was well within the limits 
accepted for normal for animals of the same weight and sex. 

Table 7. — Calokibs pek Squabe Meteb peb Houb Consumed by Rats ReceivhJg 
Gkaded Daily Amounts of Pbomizole fob 6 Weeks 


Promizole 






daily 

(mg.) 

1 week 

2 weeks 

3 weeks 

4 weeks 

6 weeks 

0 . . 

. 55.9±1.2* 

55.2*2.2 

50.6*0.9 

S9;2*1.2' 

67.4*1.6 

5 . . 

. 52.1=fcl.7 

50.3*2.9 

48.6*2.2 

49.1.*2.5 

50.6*1.4 

10 . . 

. 51.7*1.4 

38.8*1.4 

48.9*1.2 

45.9*1.4 

43.9*1.4 

15 . . 

. 47.8*1.5 

42.0*0.9 

42.3*1.7 

42.9*1.5. 

42.8*1.6 


* Figures succeeding the * sign are probable errors of the mean. 

Comment. Promizole (4,2 -diamlnophenyl-5'-thiazolylsulfone) caused 
thyroid hyperplasia in rats and may be considered a goitrogen, compar- 
able in its thjToid-stimulating effects to thiourea, thiouracil or sulfa- 
guanidine. As in the cases of goiters produced by the thiomea deriva- 
tives or sulfonamide compounds, goiters produced by promizole^ were 
not inhibited bj' iodine but were Miibited by the co-administration of 
either thjTOxin or desiccated thyroid. Thus promizole may be con- 
sidered as a thjYoid inhibitor which in some way nullified the synthesis' 
of thjTOxine by the thjToid cell. 
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The effect on the thjToid gland of these thjToid-inhibiting goitrogens 
is apparently mediated through the pituitary. When animals had been 
previously hjT)ophysectomized goiters did not develop when tliiouracil 
or sulfaguanidine was given and comparable results were obtained when 
promizole was given to such animals.^^ The stimulation of the thyroid 
is apparently due to an increase in the output of thyrotropic hormone 
by the pituitary. MacKenzie and MacKenzie'^ have described the 
increases in the relative proportions of basophilic cells in the pituitary 
glands of animals made goitrous by sulfaguanidine. hly colleagues 
and I have observed definite increases in the weights of most of the 
pituitary glands of animals made goitrous by giving promizole. This 
weight response, however, is by no means constant and these weight 
increases did not appear to correlate witli the increase in the weights 
of the thyroids. In the few sections of the anterior lobes that we have 
studied, the proportions of the large, vacuolated, basophilic cells, the 
so-called thjrroidectomy cells, were apparently increased. Actual cell 
counts were not made. Increasing the daily intake of promizole pro- 
duced larger goiters but the absolute weights of the pituitary glands 
in animals receiving 15 mg. daily were no greater than in those which 
had received 5 mg. daily. There appeared to be an increase after 
14 days in the weights of the pituitaries when 25 mg. of promizole was 
given but this may or may not be correlated with hyperplasia or 
hypertrophy of the basophilic cells in the anterior lobe. Williams, 
Weinglass, Bissell and Peterses reported that the pituitary glands of 
animals receiving thiouracil were smaller than normal. They could 
not detect any , changes in the microscopic structure of these glands, 
such as has been described, and such as occurs after thyroidectomy. 

Using the rate of metamorphosis of Rana 'pi'piens larvae as a test for 
the presence of thyrotropin in the pituitary gland and blood serum of 
rats made goitrous by thiourea, Gordon, Goldsmith and Charipper® 
concluded that the amounts of thyrotropic hormone in the gland and 
in the sermn were less in test animals than in controls. They expressed 
the belief that the release of thyrotropic hormone from the pituitary 
into the blood stream is greater in test animals than in controls but' 
that the hormone is more rapidly picked up and utilized by the enlarg- 
ing goiter. On the other hand, using the thyroid glands of guinea pigs 
as test objects, Griesbach and Purves^“ showed that the serum of rats 
having greatly hyperplastic thyroid glands was significantly enriched 
in thyrotropic activity when compared with serum of control rats. 
The thyrotropic content of the pituitary was depleted but the per- 
centage of basophilic cells was increased. The changes observed by 
Griesbach and Purves as a result of feeding a rapeseed diet are an 
increase of thyrotropin in the serum, a decrease of pituitary thyro- 
tropin, an increase of the number and activity of the basophilic cells 
and a degranulation of the acidophilic cells. 

The effect of these goitrogens on the thyroid gland is presumably 
due to restrictions in the utilization of iodme and in the consequent 
synthesis of thyroxine. The use of radioactive iodine has afforded 
reliable means for study of the changes that such goitrogens exert on 
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tbyroid physiology. Rawson, Tannheimer and Peacock^^ showed that 
goiters induced by potassium thiocyanate took up 87% of tracer doses 
of radioactive iodine, while those induced by thiouracil took up but 
10 %. This was true in spite of the fact that the thyroids in thiouracil- 
treated rats were even more hyperplastic than those in the thiocyanate- 
treated animals. Franklin, Lerner and Chaikoff^ showed that the 
thiouracil-stimulated thyroids were unable to concentrate radioactive 
iodine to the extent of the normal glands and that the amounts of 
iodine converted into thyroxine and diiodotyrosine were depressed in 
stimulated glands. But after administration of the drug had been 
stopped, normal concentrations of iodine were obtained in the thyroids 
in 2 weeks. Astwood and BisselP showed that iodine practically dis- 
appeared from the thjToid glands when thiouracil was given to young 
rats but within 8 days after administration of the drug had been 
stopped there were a rapid accumulation of iodine and a prompt 
decrease of the size of the thyroid glands. They showed, too, that 
graded doses of thiomacil resulted, in proportional increases of the 
weight of the thyroid gland and of the thyroid iodine concentrations 
and that the iodine concentrations in the thyroid were more delicate 
indications of reactions to thioiwacil than the weights of the glands. 
Our own studies on the capacity of the promizole-stimulated thyroid 
gland to take up radioactive iodine are still incomplete. These data 
will be presented in a subsequent report. 

The depression of the basal metabolic rates that my colleagues and 
I have ordinarily obtained in most of our animals given promizole con- 
firms the observations hitherto reported on animals made goitrous by 
either sulfaguanidine or thiouracil. This fall of oxygen consumption 
leads us to conclude that promizole in some way may interfere with 
formation of thyroxine. l^Tiereas the administration of thyroxin will 
inhibit the fall of metabolic rate, yet there is now no evidence to prove 
that the sjmthesis of thyroxine is completely inhibited by the promizole- 
stimulated thyroid. The results of our studies on oxygen consumption 
were often variable. Animals with extreme hyperplasia of the thyroid 
gland have been found to have basal metabolic rates that are well 
within the normal range. In these instances one is led to postulate 
the conclusion either that some thyroxine is being released by the 
promizole-stimulated thyroid or that there may be sites other than 
the thjuoid for the synthesis of the thyroid hormone, T’lTiitehead^^ 
was tmable to demonstrate any depression of the basal metabolic rates 
of animals made goitrous by the rapeseed diet and he concluded that 
the hjqjertrophied thjToid still secreted enough hormone for the needs 
of the body. 

Conclusions. 1. Tbe administration of promizole to young rats 
results in changes hi the thyroid glands that resemble those induced 
by tbiourea-like compounds and certain sulfonamide compounds. 
These changes include extreme increases in cell heights, complete loss 
of colloid and extreme hjqierplasia, with the formation of new acini in 
the walls of preexisting acini and large increases in the weights of the 
thyroid glands. These changes are proportional to the daily amounts 
of promizole administered. 
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2. Slvglit, but real, increases of tlie weights of the pituitary glands 
were usually observed. These increases^ however, were not correlated 
with' increases in tlijnroid gland weights and the conclusion that these 
increases were due to any hyperplasia of the basophilic cells in the 
anterior lobe or to increases in the th^TOtropic hormone content was 
not demonstrated. 

3. A decrease of the basal metabolic rates occurs in most animals 
made goitrous by promizole and the extent of depression of these rates 
was usually related to the degree of hyperplasia and to the loss of 
colloid from the thjrroid acini. 

4. Withdrawing promizole from the animals resulted in a recovery 
of the normal thyroid patterns and an elevation of the metabolic rates. 
Recovery, however, was not as rapid as that from effects of certain 
other goitrogens, for even 4 weeks after removal of the drug, normal 
cell colloid patterns were not restored. 

5. These changes induced by promizole may be inhibited bj^ giving 
thjTOxin or desiccated thyroid but they are not inhibited by the 
administration of iodine. The conclusion seems indicated that promi- 
zole may interfere with the utilization of iodine by the thjnoid and 
thus prevent the synthesis of th^Toxine. 

6. Promizole exerts an untoward effect on the hemopoietic sj’stem. 
Anemia, with lowered numbers of erythrocytes and concentrations of 
hemoglobin, was induced in young rats by amounts of the drug as 
low as 10 mg. Such changes were not observed to occur in adult rats 
that received 25 mg. daily. 

7. Leukopenia and granulocytopenia were not induced in our animals 
by the amounts of the drug administered. 

8. The drug induced considerable alopecia in growing animals fed 
purified diets, which did not occur in adult animals. Alopecia can 
be largely prevented by a dietary factor. 
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INTERFERENCE BETWEEN INACTIVE AND ACTIVE VIRUSES 

OF INFLUENZA* 

HL Ceoss-inteeference Between Vaeious Related and 
Uneelated VmusEs 
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Gertkude Henle, M.D. 

PHILADELPHU, PA. 

(From the Department ol Pediatrics, School of Medicine, University of Pennsylvania, 
and the Children’s Hospital of Philadelphia) 

In preceding papers it was shown that inactive influenza virus may 
interfere with the propagation of the homologous active agent in the 
allantoic cavity of the chick embryo.® When dialyzed allantoic 
fluids containing high titers of influenza virus were inactivated by 
ultraviolet irradiation for short periods of time and then injected either 
simultaneously with or at varying times prior to the administration of 
the active agent, no multiplication of virus took place during an incu- 
bationary period extending over 2 to 4 days. The allantoic fluids 
harvested from such eggs failed to agglutinate chicken red blood cells 
and were infective for the chick embryo only in low dilution. This 
low virus concentration in many cases constituted simply residual 
surviidng virus from the second, i. e., test virus injection. Marked 
reduction in the propagation of virus was noted when the inactivated 
agent was given as late as 3 hours following the active virus while a 
24 hour delay of the injection of interfering fluid no longer affected the 
multiplication of the virus. Similar observations were reported subse- 
quently by Ziegler, Lavin and Horsfall.^ 

These data suggested that interference takes place very rapidly, and 
further experiments demonstrated this point more clearly. Intra- 
allantoic injection of irradiated influenza virus just prior to or during 
flushing of the allantoic cavity with saline solution at a rate of 10 ml. 

♦ The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Dcveloj)- 
ment and the Children’s'Hospital of Philadelphia. , 
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per minute for 10 to 20 minutes produced marked interference with 
subsequently injected active virus.® This experiment' showed also 
that the mere presence of the inactivated virus in the allantoic cavity 
was not responsible for the phenomenon since all excess of it was 
removed by the flushing procedure, but rather that some change must 
have occurred in the host by an interaction between the susceptible 
cells and the inactivated agent. 

In addition to the speed of the reaction another property of the inter- 
ference phenomenon in influenza appears of interest, i. e., its relative 
non-specificity. Andrewes^ observed interference between a neuro- 
tropic and non-neurotropic strain of influenza A virus. As pointed 
out in our preliminary note,® and in subsequent publications by 
others,'®'^"* cross-interference was noted between influenza A and B 
\drus and to some extent between these agents and swine influenza 
virus. 

In the present paper data are summarized which were obtained in 
studies on cross-interference between inaetivated and active human 
influenza viruses of Types A and B and porcine virus. In addition, 
evidence is presented to show that inactive influenza virus may inter- 
fere with the propagation of 2 biologically unrelated agents in the 
chick embryo. 

Methods and Materials. All methods have been described in the previous 
papers of this series.^'® A few improvements of the techniques for the experi- 
ments with the viruses of equine encephalomyelitis and epidemic kerato- 
conjunctivitis are recorded in the text. 

The viruses used were the PR-8, WS, F-12 and F-99 strains of influenza A, 
the Lee strain of influenza B and the S-15 strain of s\vine influenza virus. 
The PR-8 and Lee strains were obtained several years ago from Dr. Thomas 
Francis, Jr.; the WS strain from Dr. C. H. Andrewes; the S-15 strain, origin- 
ally isolated by Dr. R. E. Shope, from Dr. W. M. Stanley; the F-12 and F-99 
strains were isolated in this laboratory from fatal cases of influenza. The 
B-11 strain of Western equine encephalomyelitis, originally isolated by the 
Bureau of Animal Industry, was obtained from Dr. B. Hampil. A strain of 
epidemic kerato-conjunctivitis virus, originally isolated by Dr. Sanders, was 
received from Dr. H. E. Calkins who had adapted the strain to the allantoic 
passage.® All viruses used have been passed by the allantoic route for at 
least 12 passages but not for more than 46 transfers. 

Experimental. Interference Between Various Influenza Viruses. It 
has been found that influenza virus preparations inactivated by ultra- 
violet irradiation could be diluted usually 50- to 100-fold and still 
prevent the propagation of the homologous active agent in the allantoic 
cavity of the chick embryo to the extent that no measurable concen- 
trations of hemagglutinin appeared in the allantoic fluid.® In the 
experiment summarized in Table 1 it is shown that the degree of 
interference is approximately the same regardless of whether the same 
or a different strain of the homologous type or a heterologous type of 
influenza virus was used as infecting agent. Groups of 40 10 day old 
chick embryos were injected with 1 ml. of dialyzed and irradiated 
PIl-8 allantoic fluid in dilutions ranging from 1:9 to 1:243, using 
3-fold steps, or with irradiated normal allantoic fluid in dilution 1:9 
in saline solution. After 18 hours of further incubation at 36° to 
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wo embiyos of each group were infected with active PK~8 or 
Wb virus of irfuenza A, or the Lee strain of influenza B, while a 
fourth group which did not receive any active virus served as control 
for the inactivated agent. The allantoic fluids were harvested 48 hours 
later and pooled according to the groups. No measurable hemagglu- 
tinin titers were found in any of the pools from the experimental 
groups mjected with irradiated virus in dilutions up to 1:81 prior to 
the active agents. A dilution of 1 :243 of the interfering fluid did not 
interfere to that extent with the production of hemagglutinin by these 
3 virus strains, but all 3 groups showed a marked reduction in the 
hemagglutinin titer when compared with the results in control eggs, 
which had been injected with irradiated normal allantoic fluid instead 
of the irradiated virus preparation. Similar results were obtained 
when irradiated influenza B virus was injected prior to the 3 active 
agents. 


Tabm 1, Quantitative Cos£paei80n Betvpeen Homologous and Hetehologous 

Intebpbrence 


First injection Second injection 

irradiated virus active virus 


Strain 

Tj’pe 

strain 

Type 

PR-8 

A 

PR-8 

A 



WS 

A 



Lee 

B 

Lee 

B 

PR-S 

A 



WS 

A 



Leo 

B 


Hcmaeelutinin titer 48 hours after second injection 
following injection of; 


Irradiated virus in dilution 

Normal 

1:0 

l:2r 

1:81 

1:243 ' 

allantoic 
fluid 1 :9 

2 

<2 

<2 

8 

768 

2 

<2 

<2 

96 

640 

<2 

<2 

<2 

24 

768 

<2 

<2 

<2 

<2 


<2 

<2 

32 

256 

768 

2 

<2 

96 

256 

640 

<2 

<2 

4 

192 

768 

<2 

<2 

<2 

<2 



Table 2.— Cboss-interference Between Various Strains of Influenza Virus 
Type A and Between Various Types of Influenza Virus 


First injection Hemagglutinin titer 48 hours after second injection of active 

irradiated virus influenza vims 


Strain 

Type 

PR-8 

WS 

PR-8 

A 

<2 

<2 

WS 

A 

<2 

<2 

P-99 

A 

<2 

<2 

P-12 

A 

<2 

<2 

Lee 

B 

<2 

<2 

S-15 

Swine 

<2 

<2 

Normal 


512 

768 


aUantoio 

fluid 


F-99 

Lee 

S-15 

Saline 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

192 

384 

128 



In the experiments cited in Table 1 the homologous interference 
reaction appeared slightly more pronounced than the cross-interference, 
since the hemagglutinin titers in the first positive series were lower than 
in the cases where the heterologous agents were used as test virus. 
However, other similar tests have not shown any degree of specificity 
and indeed the differences in the experiments cited fall well within the 
range of variation encountered in these experiments, when the titers 
of individual allantoic fluids are determined. 

From the experiments recorded it appears that there are no marked 
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qualitative or quantitative differences between the interfering capacity 
toward homologous and heterologous active virus preparations. An 
extension of this finding is shown in Table 2 which summarizes an 
experiment employing 6 different irradiated virus strains which were 
tested each -for their ability to interfere with 5 different active influenza 
virus strains. The interfering fluids were injected in sufficient dilution 
so as to prevent complications in the interpretation of the results by 
the presence in the allantoic fluids of measurable quantities of hem- 
agglutinin administered with the primary injection of irradiated virus. 
A dilution of 1 ;3 to 1 :9 suflBced in all cases to prevent agglutination of 
chick erythrocytes by the allantoic fluids harvested from ithe control 
eggs inoculated witli the irradiated material only. Secondary injec- 
tion of the various active virus preparations did not result in the pro- 
duction of hemagglutinin, i. e., interference was marked in each 
instance. On the other hand, eggs previously treated with normal 
allantoic fluid developed the usual high titers of hemagglutinin follow- 
ing the injection of the active viruses. It should be pointed out that 
the PR-8 virus interfered with the strain of swine influenza virus used 
in the present experiment, in contrast to the experience reported by 
Ziegler et 

Interference With Biologically Non-related Viruses. Experiments on 
cross-interference between irradiated influenza viruses and other non- 
related agents were handicapped by the fact that the number of agents 
which have been adapted to passage by the allantoic route is limited. 
Two of these, the viruses of Western equine encephalomyelitis (WEE) 
and of epidemic kerato-conjunctivitis (EKC) were employed in a series 
of experiments. Preliminary tests with the WEE virus were found 
to yield quite irregular results until the' technique of inoculation was 
changed so as to prevent infection of the tissues of the allantoic sac by 
the contaminated needle. The technique adopted was as follows: A 
, small hole was drilled through the shell at the side of the egg over an 
area of the allantoic sac of 10 day old embryos free of larger blood- 
vessels. Another hole was made over the air sac. Undiluted irradi- 
ated influenza virus fluid was then injected in 0.1 ml. amounts through 
the side hole at a slow rate to prevent back-flow of the inoculum. The 
side hole was closed temporarily with Scotch tape and the eggs were 
returned to the incubator for 2 to 24 hours. After the side hole had 
been reopened, suction was applied to the hole over the air sac to 
permit air to enter into the allantoic cavity via the side hole. Thus a 
false air sac was created within the allantoic sac with the chorio- 
allantoic membrane still adliering to the shell membrane, in contrast 
to the usual false air sac method of Burnet- in which the false air sac 
is created over the intact, dropped membrane. The side hole was 
then enlarged to a diameter of about 3 mm. bj'^ means of a red hot iron 
rod. The heat coagulated the tissues siurounding the hole and ren- 
dered it presumably unsuitable for vhus propagation. The WEE virus 
was then dropped into the allantoic cavity tluough the enlarged hole 
and the opening was sealed. The eggs were further incubated and 
candled at daily intervals until conclusion of the experiment, after 
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7 to 9 days. Control eggs were prepared in a similar manner except 
for the fact that irradiated normal allantoic fluid was injected instead 
of the inactivated virus. 

Using this technique interference with the WEE virus gave more 
uniform results, showing in some instances 100% survival of the 
embryos for 9 days following injection of the agent. In other tests 
some embryos died, but usually much later than the corresponding 
controls. Experiments to illustrate these points are shown in Table 3. 
Attempts to demonstrate WEE virus in the allantoic fluids of some of 
the test embryos after 7 days of incubation failed. No tests at an 
earlier stage have been conducted. 


Table 3.— Interference Between Irradiated PR-S Virus and Active Western 
Equine ENCEPHALOiiYEims Virus 


Exper. 

No. 

1 



Second 





injection 




First 

active WEB 

. 



injeotion 

virus LDm 

Survival of chick embryos 



Irradiated PR-8 

100 

DsSSSSSSSSS 



virus 

10 

ssssssssss 



Irradiated normal 

100 

Di Di Di Di Di Di Di Di Di Di 



allantoic fluid 

10 

Di Di Di Di Di Di Di Dj Dj Dj 



Irradiated PR-8 

100 

DbDjDjDiS S S S S S S 

S 

s 


10 

DiDjDjDiDjS S S S 



Irradiated normal 

100 

Di Di Di Di Di Di Di Di Da Da Di Di Da 

allantoic fluid 

10 

Di Di Di Di Di Di Di Dj Dj Di S 

S 

s 


S = Embryo survived until experiment was discontinued (7 days in Experiment 1 ; 
9 days in Experiment 2). 

Di = Embryo died within 24 hours; Dj == died between 24 and 48 hours; etc. 


Table 4. — Interference Between Irradiated PR-8 Virus and Active Virus of 
Epidemic Kerato-conjunuttvitis 



Second injection 
active EKC vims 

First injection 

in dilution 

Irradiated PR-8 

10-1 

virus 

10-5 


lO-s 

Irradiated normal 

10-T 

allantoic fluid 

10-^ 


10-5 

Irradiated PR-8 

10-1 

virus 

10-5 

Irradiated normal 

10-1 

allantoic fluid 

10-5 


Survival of chick embryos 

d.d.ssssssss 

D.SSSSSSSS 
DiDsS S S S S S S S 

Dj Dj Dc De Dt Di Dj D) Di Da 
Di Di Da Dr D, Dj Da Da S S S S 
Di Di Dt Da S S S S S S S 

DiSSSSSSS 

SSSSSSSS 

Di Di Di Dr Di Dr Dr 
Di Da Dr Dr Dr 


The same technique was employed for the study^ of interference 
between inactivated influenza virus and active EKC virus. As shown 
in Table 4 nearly all embryos inoculated with the EKC virus following 
normal allantoic fluid died or were found dead on opening of the eggs 
on the 7th or 9th day after the test injection. On the other hand, 
only very few of the embryos pre\dously inoculated with interfering 
fluid failed to survive the injection of the EKC virus. 

Other viruses have not been used as yet in interference experiments 
in the allantoic cavity. A few preliminarj^ attempts were made, how- 
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ever, to study interference betv’een irradiated influenza virus and vac- 
cinia virus on the chorio-ahantoic membrane-^ Although these tests 
seemed to indicate on occasion a slight reduction in pock counts, the 
tests on the whole were unsatisfactory, since tlie embrjms frequently 
died when larger volumes of interfering fluid were used in order to 
flood the membrane, whereas smaller volumes w^ere apparently insuffi- 
cient to guarantee uniform spread of the interfering agent over the 
area of exposed membrane. 

Discussion. The interference phenomenon between inactivated and 
active influenza viruses as described in this and previous papers,® 
reveals 2 properties which are noteworthy. (1) the reaction takes 
place verj^ rapidly; and (2) it is relatively non-specific, i. c., cross- 
interference occurs among all the influenza viruses tested regardless of 
the type. This is in contrast to the specificity of the immune response, 
where vaccination against one tjqie protects only against infection 
with the type and not with the others. In addition, 2 other agents, 
the xdruses of Western equine encephalomyelitis and of epidemic 
kerato-conjunctivitis, which are apparently biologically unrelated to 
the influenza agents, were prevented from exerting their fatal effect 
on the chick embrjm by the previously injected irradiated influenza 
virus. Our findings with the WEE virus extend the observation by 
Duffy® who noted interference between active PR-8 virus and this 
agent provided enough head start was allowed for the spread of the 
influenzal infection. 

These 2 properties of interference, the speed of the reaction and its 
non-specificity, should be of value in prophylaxis against influenza if 
the phenomenon could be made to serve this purpose, since no satis- 
factory method has been developed for the immediate protection of 
groups exposed to the disease. Whether or not the interference 
phenomenon may accomplish this aim remains to be seen. It is 
obvious that the experiments conducted in the allantoic cavity of the 
chick embryo are performed under particularly favorable conditions. 
The total surface of susceptible cells is comparatively small, the amount 
of interfering virus per unit surface is relatively large and the fluid 
content of the allantoic sac serves to spread the interfering agent 
uniformly to all susceptible cells. If one considers, on the other hand, 
the complicated structure of the mammalian respiratory tract the 
difficulties of reaching all susceptible cells become immediately appar- 
ent. The total surface is much larger and the volume of interfering 
fluid which can be safely administered, is relatively small. Cor- 
respondmgly, mterference experiments in mice did not yield as clear- 
cut results as those conducted in eggs although some evidence of 
the occurrence of the interference phenomenon in this species has been 
obtained. Obviously this problem requires further investigation. 

Besides these practical considerations, some theoretical points may 
be discussed. Interference between various active related or unre- 
lated viruses has been observed repeatedly. in these instances fre- 
quently the view has been expressed that one virus may use up all 
essential metabolites required for the propagation of the other Some 
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authors believe that pathologic changes in the host caused by one 
virus may prevent the spread of the other agent. Such explanations 
seem to be invalidated, however, by experiments in which inactivated 
virus was employed successfully as the interfering agent. Delbruck 
and Luria^'ii concluded from studies on interference between 2 strains 
of bacteriophage that the agents compete for some substance within 
the cell, possibly a "key enzyme.” Blocking of this enzyme by 
inactivated phage particles not only prevents the active agents from 
multiplying within the host but the host cell itself is markedly dis- 
turbed as seen by the fact that bacterial multiplication ceases. 

Wlrether or not such marked changes occur in the tissues of the 
allantoic sac of the chick embrjm followmg the injection of irradiated 
influenza virus is not yet Icnown. As far as other cells are concerned, 
Hirst® has shown that chick erythrocytes are altered by contact with 
the influenza virus. After adsorption of the agent onto a hypothetical 
receptor on the surface of the cells, the virus is gradually released again 
into the surrounding medium. The red blood corpuscles are unable 
thereafter to adsorb new virus particles, supposedly because the recep- 
tor is destroyed in the reaction. It is worth noting, on the other band, 
that virus preparations which have been irradiated for extended periods 
of time until the interfering capacity is lost, still may become attached 
to the red cells causing their agglutination.'^-^'* Adsorption of virus 
onto the cells of the respiratory tract of the ferret occurs apparently 
in similar manner as in the case of red cells but elution has been noted 
only in the perfused excised lung, not in the respiratory tract of the 
living animal.*® In the latter instance the reaction goes farther and 
the virus enters the cell with resulting multiplication of the agent. 
No information is available as to possible functional changes in these 
cells. 

It is not possible, therefore, to state at present whether interference 
by the influenza viruses may be caused simply by blocking of some 
receptor spot on the surface of the susceptible cells, or whetlier the 
reaction occurs within the cells by interaction with some enzyme sj'^s- 
tem. IVliatever the mechanism may be, it is apparent from the 
results of the interference tests that the mode of infection by the 
human and porcine strains of influenza virus in the chick embryo is 
closely similar. This is not surprising since no marked differences in 
these agents have been noted in their biologic and physical behavior 
with the exception of their serologic specificity. No such close rela- 
tionship can be claimed, however, between the influenza viruses and 
the agents of Western equine encephalomyelitis and of epidemic kerato- 
conjunctivitis. Nevertheless, the results of the interference tests imply 
that these agents follow similar routes in the invasion of the chick 
embrjm from the allantoic sac by occupying either the same receptor 
spots or requiring in part the same enzyme systems for their propa- 
gation. It is conceivable that these results of cross-interference with 
unrelated agents may be obtained only in embryonic, i. c., less differ- 
entiated cells and not in the tissues of the mature host. This question 
remains to be investigated. 
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Summary. Cross-interference in the allantoic cavity of the chick 
embryo between various strains of influenza A and one strain each of 
influenza B and swine influenza virus was studied. Virus preparations 
of one strain inactivated by ultraviolet irradiation interfered equally 
well with the propagation of the homologous and the heterologous 
active agents. In addition, irradiated influenza virus prevented death 
of the chick embryos from subsequent inoculation of the viruses of 
Western equine encephalomyelitis and of epidemic kerato-conjunc- 
tivitis. 
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INTERFERENCE BETWEEN INACTIVE AND ACTIVE VIRUSES 

OF INFLUENZA* 

IV. The Nature op the Interfering Agent 
By Gertrude Henle, M.D. 

AND 

Werner Henle, M.D. 

FHILADELFHIA, PA. 

(From the Department of Pediatrics, School of Medicine, University of Pennsylvania, 
and the Cliildren’s Hospital of Philadelphia) 

It has been shown in previous publications of this series, and else- 
where, that intra-allantoic injection of influenza virus preparations 
inactivated by ultraviolet irradiation renders the tissues of the allantoic 
sac insusceptible to infection by the same route with homologous and 
heterologous strains of active influenza virus. Allantoic fluids 
derived from normal chick embryos, or particulate components iso- 
lated from normal chorio-allantoic membranes, do not interfere with 
the propagation of the active agents.®-'' The interfering agent is not 
dialyzable tlirough cellophane and its concentration corresponds 
roughly to the quantity of virus present in the allantoic fluid.® How- 
ever, various observations indicate that it is difficult to study quanti- 
tatively the relation between virus concentration and interfering capac- 
ity, since ultraviolet irradiation causes progressive changes in the virus 

* The work described in this paper was done under contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Children’s Hospital of Philadelphia. 
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preparations, First, the infectivity decreases rapidly and the fluid 
finally becomes non-infective while the interfering capacity is reaching 
its peak. On further irradiation the property of interference dimin- 
ishes and disappears completely while the hemagglutinating activity 
of the virus is still intact. The latter property is lost only on pro- 
longed treatment with ultraviolet light. These various stages in the 
process of inactivation may overlap to a certain extent. Furthermore, 
the effectiveness of irradiation is dependent to some degree on the 
composition of the allantoic fluids. The presence of certain low 
molecular weight substances removable by dialysis as well as the age 
of the embrjm from which the fluids are obtained influence the condi- 
tions for inactivation markedly.^ Finally, inactive virus has been 
foimd to accumulate spontaneously in the allantoic fluids with increas- 
ing time of incubation of the egg cultures, and this cannot readily be 
assayed. Therefore, in order to study the nature of the interfering 
agent more extensively and to prove its identity with the inactivated 
virus it was necessary to resort to other means. Experiments employ- 
ing physical and immunologic techniques, which had been mentioned 
briefly in a previous publication of this series® are summarized in the 
present paper. 

Materials and Methods. All techniques for the preparation and assay of 
virus and the methods used in the interference test in chick embryos have 
been described previously.’-® They will be extended when required in the 
text. 

Centrifugation. A mechanically driven high speed centrifuge developed by 
Rawson, Scherp and Lindquist’® was used in these experiments. 

Immune Sera. Human hyperimmune serum against influenza A virus 
(PIl-8) and experimental human convalescent serum to influenza B (Lee) 
were used for the neutralization of interference. Sera taken before vaccina- 
tion or infection served as controls. The sera were tested for potency by the 
inbibition of red cell agglutination according to the method of Hirst.” 

Experimental. 1. Sedimentation by High Speed Centrifugation. It 
bas been shown by several authors that influenza viruses may be 
sedimented in the high speed centrifuge at relatively low speeds®-’® 
since they .possess sedimentation constants of about 600 In 

addition, a smaller component with a sedimentation constant of about 
30 S has been found’-” which shows antigenic activity in the comple- 
ment fixation test.’® A study of the interfering property of the various 
fractions obtained by tbe centrifugation method was undertaken and 
the following protocol serves as an example for these experiments.^ 

Ten-day old chick embryos were inoculated with influenza B virus 
(Lee) and the allantoic fluids were harvested 72 hours after inocula- 
tion. After removal of the coarse particles in the angle centrifuge, a 
small sample of the preparation was retained while the remainder was 
centrifuged in the high speed centrifuge at 20,000 r.p.m. for 20 minutes. 
The sediment contained the bulk of the virus and was resuspended in 
normal allantoic fluid. This preparation will be referred to as 600 S 
component.®’’®"’® Part of the supernatant fluid of the 20,000 r.p.m. 
run was saved, while the remainder was subjected to high speed centri- 
fugation at 30,000 r.p.m. for 60 minutes. The supernatant fluid was 
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saved and tlie sediment was resuspended in normal allantoic fluid and 
re-centrifuged at 20,000 r.p.m. for 20 mmutes to remove additional bUU b 
material. This fraction was called 30 S component. ^ All 5 prepa- 

rations, the original allantoic fluid, samples of the supernatant fluids 
from the centrifuge runs at 20,000 and 30,000 r.p.m., and the 600 b 
and 30 S materials suspended in normal allantoic fluid, were dialyzed 
in the same bath overnight against 20 volumes of M/100 phosphate 
buffered saline solution of pH 7.1. Before irradiation the matenals 
were centrifuged at low speed to remove a few larger aggregates. _ The 
preparations were then irradiated by ultraviolet light for 3 minutes 
in a manner previously described,’ and tested for their capacity to 
agglutinate chick red cells’^ and to interfere with the propagation of 
active Lee virus. For the latter test active homologous virus (or 
saline solution in controls) was injected 6 hours followmg tlie primary 
injection of the irradiated materials in varying dilutions. The results 
of these tests are summarized in Table 1. 

Table 1. — Sedimentation of the iNTEnrERiNG Agent by High Speed 

CENTmFDGATlON 


First injection Hemagglutinin titer 48 hours after 2nd inoculation fol- 

. loning injection of irradiated materials in dilutions 


Irradiated 

Hemaggl, 

Second 

/ ■■ ■ . ■ I 







material 

titer 

injection 

Undil. 

1:3 

1:9 

1:27 

1:81 

1:243 

1:729' 

Original allantoic 

448 

Virus 

. . 

. . 

<2 

<2 

<2 

14 

112 

fluid 


Saline 



<2 

<2 

<2 

<2 

<2 

Supernatant 

28 

Virus 


<2 

<2 

28 

112 



20,000 r.p.m. 


Saline 

.. 

<2 

<2 

<2 

<2 



Supernatant 

<2 

Virus 

48 

128 






30,000 r.p.m. 


Saline 

<2 

<2 






600 S 2 times 

768 

Virus 



<2 

<2 

<2 

28 

32 

concentrated 


Saline 


. . 

<2 

<2 

<2 

<2 

<2 

30 S 5 times 

8 

Virus 

<2 

64 






concentrated 


Saline 

<2 

<2 






Normal allantoic 

<2 

Virus 

192 








fluid 


As seen in the table, the results of interference corresponded to 
those of the hemagglutination test. Centrifugation at 20,000 r.p.m. 
removed more than 90 % of the hemagglutinins and interference was 
decreased to about the same extent. On the other hand, the sediment 
resuspended to one-half of the original volume of allantoic fluid came 
up to the hemagglutinating titer and interfering capacity of the 
original allantoic fluid. Centrifugation at 30,000 r.p.m. removed the 
remaining hemagglutinins sufficiently to render the test negative and 
interference was practically absent. The 30 S material still contained 
a low titer of hemagglutinin due to residual 600 S material’ and 
mterierence was correspondingly present but slight. The allantoic 
control eggs inoculated with the irradiated preparation in 

to injection with Line solu- 
i revealed no measurable hemagglutinins 

mdicatmg that the irradiated preparations had lost their ffifectivitv’ 

Prom these data, it is apparent that the interfering capacity is 



372 HENLE, henle: inactive and ACTH'^E viruses of influenza 

closely linked with the agglutinating property which in turn has been 
found to be inseparable from the virus particle.^ 

2. Adsorption Onto 'and Elution From Chick Red Cells. It had been 
noted by Hirst^“ that both active and inactive influenza virus is readily 
adsorbed onto chick red cells and eluted therefrom. This property 
has been utilized for the production of concentrated influenza vaccine.^ 
The question arose whether the interfering property would be adsorbed 
and eluted in the same manner as the active or inactivated virus and 
the following protocol exemplifies such an experiment. 

Allantoic fluids were harvested from chick embryos which had been 
infected 48 hours previously with the PR-8 virus of influenza A. 
After preliminary centrifugation to remove coarser particles from the 
fluid a small sample was saved while the remainder was cooled to 0° C. 
in an ice-water bath. Sterile washed chick erythrocytes were added 
to form a 5% suspension. After 30 minutes at 0° C., the mixture 
was centrifuged in chilled cups for 10 minutes at 2000 r.p.m. and the 
supernatant fluid removed. The sediment was resuspended in one- 
half the original volume of normal allantoic fluid and placed 'into a 
water bath at 37° C. for 2| hours. The red cells were then sedi- 
mented by centrifugation and the supernatant fluid containing the 
eluted virus saved. The 3 preparations, the original allantoic fluid, 
the absorbed supernatant fluid and the eluate, were dialyzed and 
irradiated in a manner similar to that described in the centrifugation 
experiment. Hemagglutination and interference tests have yielded 
the results recorded in Table 2. 

Table 2. — Adsorption of the Interfering Agent Onto and Elution From 

Chick Red Blood Cells 

Hemagglutinin titer 4S hours after 2nd 

First injection inoculation following injection of 

, , irradiated virus in dilution 


Irradiated 

materia! 

Original allantoic fluid 

Hemaggl. 

titer 

512 

Second 

injection 

Virus 

Saline 

1:3 

1:9 

<2 

<2 

1:27 

<2 

<2 

.1:81 

<2 

<2 

1:243 ' 
16 
<2 

Supernatant after adsorption 

32 

Virus 

Saline 

<2 

<2 

2 

<2 

G4 

<2 

384 

<2 


Eluate 2 times concentrated 

512 

Virus 

Saline 

, , 

<2 

<2 

<2 

<2 

<2 

<2 

16 

<2 

Normal Allantoic fluid 

<2 

Virus 

384 






As seen in the table more than 90% of the hemagglutinins were 
removed from the allantoic fluid by adsorption onto the red cells and 
the results of the interference test show a similar decrease in activity. 
On the other hand, the eluate contained most of the agglutinating 
property and the interference test was similar in strength to that 
obtained with the original allantoic fluid. This experiment shows then 
that the interfering property reacts similarly to the hemagglutinating 
agent of an influenza virus preparation in being adsorbed onto and 
eluted from chick red cells. 

3. Specific Neutralization of I?iferferc7ice by Immune Sera. The fact 
that influenza virus Tjqie A interferes equally well witli Type B, and 
conversely permits the testing of the effect of specific immune 
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sera on the interfering capacity of an irradiated virus preparation. 
Antibodies to influenza virus react highly specifically and no cross- 
neutralization occurs between Type A and B viruses.'^ Consequently, 
tests on the neutralization of the interfering property by specific 
immune sera are not complicated by residual unattached antibodies 
injected together with the inactivated virus, as long as the heterologous 
active agent is used for the test of interference. Such an experiment 
is summarized in the following-protocol. 

Allantoic fluid infected with influenza A virus (PR-8) and inacti- 
vated by ultraviolet irradiation was mixed with either pooled human 
hjqierimmune seriun against influenza A virus in dilution 1:4 or with 
pooled serum taken from some of the individuals before immunization, 
equal volumes of allantoic fluid and diluted serum being used. Con- 
trol preparations were made by adding normal allantoic fluid instead 
of the virus preparation to the sera. These 4 preparations were tested 
both for hemagglutination and interference. Influenza B virus (Lee) 
served as the test agent for the interfering capacity of the irradiated 
influenza A virus-serum mixtures, injected in varying dilutions. The 
results of these tests are shown in Table 3. 

Table 3. — Neethalization of the Interfeking Agent by Immune Serum 

Hemagglutinins 48 hours after 2nd in- 
oculation of active influenza B (Lee) 
First injection virus following primaiY injection of 

. ^ the various mixtures in dilution (in 

Material terms of allantoie fluid) 




Hemaggl. 

Second 






Virus 

Scrum 

titer 

injection 

1:9 

1:27 

1:81 

1:243 

Influenza A 

Anti-A 

<2 

Virus 

12 

128 

512 

768 

(PR-8) 



Saline 

<2 

<2 

<2 

<2 

Influenza A 

Normal 

256 

Virus 

<2 

<2 

<2 

12 




Saline 

<2 

<2 

<2 

<2 

Normal allantoic 

Anti-A 

<2 

Virus 

384 

512 

384 

512 

fluid 



Saline 

<2 

<2 

<2 

<2 

Normal allantoic 

Normal 

<2 

Virus 

384 





fluid 

As can be seen in the table the addition of a high titered anti-influ- 
enza A serum to inactive influenza A virus preparations neutralized 
completely the hemagglutinins and its interfering capacity with active 
influenza B virus was reduced extensively as compared with the effect 
of pre-vaccination serum. Neither the hyperimmune nor control sera 
contained sufficient concentrations of anti-influenza B antibodies, in 
the dilutions used, to prevent the multiplication of this agent in the 
allantoic cavity, as measured by hemagglutinin titers. 

Similar experiments with B convalescent serum and irradiated B 
virus have shown neutralization of the interfering property with the 
active influenza A virus. These data show clearly that the immune 
sera contained antibodies neutralizing the interfering property, presum- 
ably by preventing attachment of the irradiated virus to the susceptible 
host cell. 

Summary. Although it was apparent that the interfering capacity 
of irradiated influenza virus preparations corresponds within certain 
limits to their content of virus, this observation would not exclude the 
possibility that the interfering substance might be a product of the 
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vims or the infected host cell and not the inactivated agent. How- 
ever, the experiments related in this paper serve to identify the inter- 
fering agent with the inactive virus. The interfering substance be- 
haves in every respect tested like the influenza virus. It is sedimented 
in the high speed centrifuge under conditions which will sediment the 
active virus. It is adsorbed onto and eluted from chicken red cells 
in amounts comparable to the virus and, finally, it is specifically neu- 
tralized by immune sera, L e., the interfering agent of influenza A 
preparations by anti-influenza A serum only and not by anti-B serum, 
and the B preparations by anti-influenza B serum and not by anti-A 
serum. 
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METHIONINE IN THE TREATMENT OF TOXIC HEPATITIS 
By Jajoes H. Eddy, Jr,, M.D.* 

SHKEVBPOBT, XA. 

(From the Medical Department of The Louisiana Ordnance Plant) 

The increased sensitivity of the liver to toxins, following depletion 
of the protein stores, has been well demonstrated by Bliller and 
Whipple® in their experiments on dogs exposed to chloroform. They 
found that normal dogs that are well fed will tolerate 1 hour of surgical 
chloroform anesthesia, but when the dogs are fasted for 3 days pre- 
ceding the anesthesia, there will always be marked hyaline central 
necrosis of the liver. In these cases the central necrosis usually 
involved 50 to 70% of the cells in each lobule and occasionally the 
exposure caused death in from 2 to 4 days. The protective action of 
protein diets had previously been pointed out by Goldschmidt, Vars 
and Ravdin® in their work with mice. 

* We are indebted to Wyeth Incorporated for a supply of Methionine used in some of 
these cases. 



eddy: methionine in treatiwent of toxic hepatitis 375 


The value of carbohydrate in protecting the liver has widespread 
acceptance. In view of recent studies on protein factors in liver 
protection it is likely, as pointed out by Miller and Whipple,® that its 
efficiency is due primarily to sparing protein stores. 

The interest in dietary factors in protection against liver injury 
received more attention following the reports of several groups con- 
cerned with the identification of the specific protein factor responsible 
for liver protection. Miller, Ross and Whipple’ demonstrated in 1940 
that the amino acid, methionine, and to a less extent cystine, gave 
protection against liver injury if given before chloroform anesthesia. 
These materials were sho^vn to be as effective as the feeding of a large 
protein meal. In the same study it was shown that a number of non- 
sulfur containing amino acids lacked this protective quality. Later, 
in 1942, Miller and IWiipple® showed that protein depleted animals 
could be protected against chloroform anesthesia even when methionine 
was given 3 to 4 hours after exposme to chloroform. If, on the other 
hand, the methionine was given as late as 6 hours after anesthesia, all 
of the animals died. Apparently by that time all of the cells were 
fatally damaged. In other words, it is necessary that some viable 
liver tissue be present if methionine is to be of value in protecting 
the liver. This points to the clinical value of early treatment if 
methionine is to have maximum efficiency. The uselessness of choline 
alone in attempts to protect the liver has been pointed out by several 
investigators . ^Vhen the choline was given with cystine there appeared 
to be equally as much benefit as when methionine was given. 

In 1944 Goodell, Hanson and Hawkins^ demonstrated again the 
increased susceptibility of protein depleted dogs to hepatotoxins. 
They used mapharsen in large doses as the toxic agent. This group 
also demonstrated the effectiveness of methionine in protecting these 
animals against the poison. In this report it was noted that oral 
adm in istration of 2 to 4 gm. of methionine 20 to 40 hours prior to 
giving the arsenical was more effective in protecting the liver than was 
the intravenous administration of 1 gm. of amino acid just prior to 
giving mapharsen. Unfortunately it is difficult to tell whether the 
time element, the increase in dosage or the route of administration is 
the most important factor. 

The manner in which methionine protects the animal against liver 
damage is not clear but there is evidence to support the belief that 
its value depends primarily on the sulfiu content of the amino acids. 
Weight is given to this concept by the work of Miller and Whipple® in 
which they demonstrated that the animal that has been depleted of 
protein has been more completely depleted of sulfiu. They believed 
that this mdicated a “definite loss by the protem depleted liver of 
some relatively sulfur rich component, presumably protem in nature, 
the loss of which makes the liver more susceptible to a variety of 
injurious agents known and unknown.” 

_ Heppel et a?.® in January of this year reported on the influence of 
dietary factors m the toxicity of dichloroethane. They pointed to the 
decreased resistance to the toxic action of dichloroethane among ani- 
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mals on a protein deficient diet but showed that these animals resisted 
the toxic action if they were supplied with methionine and choline. 
They did emphasize, however, that dichloroethane did not produce 
hepatic lesions such as those described following chloroform or carbon 
tetrachloride ei^osure. They remarked that, “The appearance of 
livers of rats dying after dichloroethane showed nothing to distinguish 
them from the livers of rats fed similar diets but not exposed.” This 
is somewhat suggestive that the protective action of methionine may 
be dependent not alone on the liver. The appearance of adrenal 
changes in some of their experimental animals may be of some sigr 
nificance. 

hluch of the recent clinical interest in methionine followed the 
report of Gjmrgj^^ in 1944. In that report Gyorgy reviewed the work 
leading up to the acceptance of methionine as the specific dietary 
factor in the prevention of liver damage. In discussing many of the 
so-called hepatotoxins the strong importance of dietary factors was 
brought out. 

Gyorgy outlined the progression of changes in the liver of animals 
on a protein deficient diet from fatty infiltration through necrosis 
and to cirrhosis. He pointed out, too, the presence of the pigment 
“ ceroid ” in the cirrhotic liver that has been produced by purely dietary 
means, and remarked that “ceroid” has not been seen in other forms 
of cirrhosis in animals or man. The appearance of kidney lesions 
simultaneously with the liver damage on a purely dietary basis was 
compared with the so-called hepatorenal syndrome in man. In dis- 
cussing the similar protection offered the liver by methionine and by 
choline plus cystine, Gyorgy suggested that choline and cystine are 
needed for the synthesis of another substance that may be methionine. 
Specific recommendations for the use of methionine or cystine plus 
choline in the prevention and treatment of hepatic injury due to purely 
toxic as well as dietary factors were made. 

The dietary factor in connection with hepatotoxins has been pointed 
out recently in a paper from this department on the occurrence of 
carbon tetrachloride poisoning.^ It was noted that all of the severe 
cases of poisoning appeared in Negro women who were known to exist 
on a high fat and protein deficient diet. Although many white em- 
ployees worked at the same job and had mild toxic sjuuptoms, not one 
of their group showed any serious damage. 

The report by Beattie ei al.^ of 1 case of carbon tetrachloride hepat- 
itis treated with methionine led to our investigation of the value of 
this material in the treatment of hepatitis due to trinitrotoluene. This 
work has led to study on its use in other tj^pes of hepatitis and in 
cirrhosis. 

Our work began in July 1944 and since that time we have treated 
30 cases of acute toxic hepatitis with methionine. Most of these cases 
have been caused by trinitrotoluene and at least 10 of them have been 
seriously ill. To this date there have been no fatalities. - This is of 
interest in view of the published mortalitj’- in T.N.T. hepatitis of 
30 to 35%. It is also noteworthy that of our 2 cases of T.N.T, hepat- 
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itis seen prior to using metliionine 1 patient died and the second had 
a prolonged illness. Many of the patients since that time have 
appeared to be as severely poisoned as were the first cases on their 
admission. 

Among our cases of toxic hepatitis treated with methionine, the 
length of hospitalization varied from 4 days to 7 weeks with an average 
of 13 days. The diagnosis was based on an analysis of the occupational 
exposure, physical examination, icterus index. Hanger Cephalin Floc- 
culation test, and urinalysis for urobilinogen and bilirubin. These 
examinations almost always supported each other and they gave an 
excellent method of follow-up for the cases. We are particularly 
impressed by the value of a daily urinalysis for urobilinogen and 
bilirubin in that it has followed the patient’s course much closer than 
other examinations and is so easily done. We have noted that the 
decrease in bile in the urine and increase in urobilinogen are followed 
closely by a decrease in the icterus index but that the decrease is 
rather slow below 20 units and often shows a value of 10 to 12 units 
for several months. The Hanger Cephalin Flocculation test has never 
given a false negative and false positives have been rare in our experi- 
ence. We do not, however, consider a reading of or -f -f- as of any 
significance. This test has been rather slow to retnrn to normal but 
usually shows a quantitative change before the patient leaves the 
hospital and becomes negative after 1 or 2 months. 

Mmost all of these patients complained of dizziness, nausea, vomit- 
ing, weakness and upper right quairant pain. The physical examina- 
tion showed principally jaundice and an enlarged liver. The patients 
have been white and colored, and male and female with a preponder- 
ance of white males. 

Treatment has consisted of bed rest, a diet rich in protein and car- 
bohydrate and poor ih fat, administration of multiple vitamin product 
plus added vitamin B complex and the oral administration of methio- 
nine in doses of from 3 to 8 gm. daily. The average dose was 3 to 
4 gm. per day but in 2 of these cases the patients showed more jaundice 
and the dose was increased to 8 gm. daily and the patients fed by duo- 
denal tube. In both of these cases improvement was marked after 
48 hours. 

Several of these T.N.T. cases are outlined as typical of the more 
severe type that we have seen here. 

Case Abstracts. Case 1. V. L., a white female, had been working in a 
thread cleaning operation with trinitrotoluene for 2 months when she began to 
complain of weakness, upper right quadrant pain, nausea and vomiting and 
after a few days noted a yellow color in her skin. She stayed home from 
work for a few days and went to her family physician who made a diagnosis 
of toxic hepatitis and referred her to this hospital. Examination on admission 
revealed a slender young woman who was deeply jaundiced. Vomiting was 
severe and the patient was nauseated almost constantly. The liver was 
enlarged to 4 cm. below the costal margin and was tender. There were no 
other physical findings of note. 

The icterus index was 63.3 and the Hanger Cephalin Flocculation test was 
+ + + + in 24 hours. The urine gave a -f + test for bile and the urobilinogen 
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present in a dilution of 1 to 200. There were 3,790,000 red cells with 
10.4 gm. of hemoglobin. The total white cell count was 3800 with" 49 poly- 
morphonuclears, 39 lymphocytes and 12 mononuclears. The platelet count 
was 225,000. 

She was given a diet high in protein and carbohydrate and low in fat. This 
was supplemented with vitamins and 3 gm. of methionine daily. 

Clinical improvement was rapid and the patient was able to leave the 
“ospital after only 8 days. She returned for observation after 30 days at 
which time the laboratory reports showed an 8.4 icterus index and no bile in 
the urine. The urobilinogen was decreased in amount. The Hanger test was 
+ + at the end of 24 hours and +++ at 48 hours. 

Case 2. R. W., a colored male, 26 years of age, came to the hospital on 
Nov. 20, 1944, complaining of weakness, dizziness and jaundice. This man 
had been exposed to T.N.T. for 5 months. He was deeply jaundiced and 
appeared seriously ill. Examination showed an enlarged tender liver but no 
other masses or enlarged organs. There was no edema and no evidence of 
hemorrhage. 

The icterus index was 56 on admission. There was H — [ — [-+ bile in the 
urine and the urobilinogen was decreased in amount. The Hanger Cephalin 
Flocculation test was ++ + • The blood count was essentially normal. 

Treatment was begun with methionine in doses of 1 gm. 3 times daily and 
he was also given methenamine, the vitamins and a diet rich -in protein and 
carbohydrate and low in fat. The patient progi'cssed verj^ poorly and after 
3 daj's he vomited frequentlj'' so that it was necessar.y to give his diet and medi- 
cation by duodenal tube. He improved slightly for a short time but then 
appeared to be going down hill rapidly so that by Dec. 4, 1944, his icterus 
index was 112.4 and he was comatose. At this time the dose of methionine 
was increased to 2 gm. 4 times daily and feedings were given every hour. 
Improvement occurred shortly after this change and by Dec. 20 the icterus 
index was 52 and the dose of methionine was returned to the original amount. 
He was discharged as well on Jan. 9, 1945. At that time his_ fasting icterus 
was 17.8 and his Hanger test was -f-. About 1 month later his icterus index 
was 10. This has been one of our more seriousl)’’ iU patients and one who 
I feel was helped considerably by methionine. 

Case 3. G. N., a 45 year old white male, who bad been exposed to 
T.N.T. for 13 months came to the hospital in the middle-of February complain- 
ing of generalized aching, sleeplessness and a feeling that his right hand was 
swollen. Examination of the urine at that time showed a normal amount of 
urobilinogen and no bile. He continued at his work and 3 days later he 
noted a diarrhea. On Feb. 23 he came in complaining of weakness, epigastric 
pain and said that he had passed numerous tarry stools. He had 2.5 million 
red cells and 9.2 gm. of hemoglobin. A diagnosis of bleeding duodraal ulcer 
was made and he was referred to a local sanatorium. He improved rapidly 
but on March 8, 1945, bis physician noted some yeUowish discoloration of the 
sclerre and referred him to us for laboratory study. At that time his icterus 

index was 20 and the Flocculation test was -b -{-■+• . 

We were not able to get him back to the hospital until March 15, at which 
time he was hospitalized. The icterus index had reached 56 aim the urine 
showed -f -b-l-l- bile with a 1 to 40 dilution of urobihnogen. The Hanger 
test was -\ — 1-++. The ti’eatment of this patient was started the same as 
the previous ones with the addition of ferrous sulfate for his anemia and 
tincture of belladonna and an alkali for his ulcer. , „ • 

This patient got along rather poorly xvith his icterus index gradually increas- 
ing, the urine showing a great deal of bile and the urobilinogen decreasing 
until only a trace was found. The urobilinogen never entirely disappear^. 
Roentgen ra}' of the gall bladder region showed no opaque calculi. Hy 
March 24 the icterus index was 83.3 and the patient was given ^tamm Iv by 
mouth. Because of the atypical history in this case a study of the gall bladder 
region following the oral administration of “ Priodax ’ was attempted. A o ga 
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bladder shadow was seen and the patient seemed worse after this study. He 
vomited frequently and was drowsy. Tube feeding was given until nausea 
subsided and then oral feeding was offered every 2 hours. The, methionine 
was increased to 2 gm. 4 times daily. At this time the icterus index was 129 
and the patient appeared to be losing ground rapidly. Following the changes 
in his medication he began to improve rapidly and after 7 days the icterus 
index was 51 and the patient was enjoying his food. Approximately 1 month 
after his jaundice was discovered his icterus index was 23.5, the urine was 
normal and the Hanger Flocculation test was still + + ++. 

The remarkable improvement in 2 of these patients when the dose 
of methionine was increased has led us to believe that our usual dose 
of methionme may be inadequate and we. should possibly consider 
that 6 to 8 gm. daily be given to all seriously sick patients. We have 
not hesitated to give 12 gm. daily to 1 patient who appeared to be in 
extremely poor condition. Our present routine is to start these 
patients on smaller doses and to increase the amount if clinical improve- 
ment is not easily apparent. 

Two patients* with epidemic hepatitis have been given methionine 
and improvement has been striking within 48 hours. In 1 of these 
patients the jaundice returned when treatment was stopped but 
responded quickly when methionine was given again. 

Several cases of acute carbon tetrachloride hepatitis treated with 
methionine have been reported in an earlier paper. One of these 
cases came to the hospital in a coma. Her liver was enlarged to 
below the umbilicus, was soft and tender and her icterus index was 344. 
She was given 12 gm. of methionine daily and improved rapidly so 
that after 4 weeks the icterus index had returned to 15. 

Treatment of a few patients with known cirrhosis of the liver has 
been started and several remarkable observations have been made in 
these cases. It is, however, too early and the number of cases under 
treatment has been too few to draw any conclusions from this work. 
It appears that methionine or choline plus cystine will be of value in 
early cirrhosis and in controlling the episodes of acute activity in 
older cases. It is apparent that little help can be given to the far 
advanced cases as by that time the functional unit has been irreparably 
embarrassed by the laying down of scar tissue. 

Summary and Conclusions. The results of animal experiments indi- 
cate the value of methionine in protecting the liver from damage by 
certain hepatotoxic drugs. 

Its effectiveness in treating toxic hepatitis is shown in a group having 
hepatitis due to trinitrotoluene. In these cases there have been no 
fatalities and the course of the illness is believed to have been shortened 
appreciably. 

Several other cases of hepatitis due to carbon tetrachloride and 
2 patients with epidemic hepatitis are thought to have been improved 
by methionine. 

There has been no evidence of toxic reactions to methionine and 
further clinical trial is urged. 
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THE PATHOLOGY OF THE PANCREAS IN EXPERIMENTAL 
DIABETES MELLITUS - 

By G. Lyman Duff, M.A., M.D., Ph.D. 

(From the Department of Pathology, Pathological Institute, McGill University) 

Within recent years two new forms of experimental diabetes have been 
discovered, that produced by anterior pituitary extracts and that pro- 
duced by alloxan. Both have been studied intensively from the physio- 
logic and morphologic points of view and a considerable mass of experi- 
mental data has rapidly accumulated. It seems timely, therefore, to 
look back over the whole field of experimental diabetes, including that 
form of the experimental disease originally produced by complete or 
partial pancreatectomy, with a view to summarizing the essential observa- 
tions. In this review an attempt is made to give such a retrospect of the 
morphologic aspects of this field with particular reference to changes in 
the islets of Langerhans of the pancreas. Physiologic observations have 
not been by any means excluded but, in the main, only those are cited 
that have a bearing on the pathogenesis of the lesions described or on 
the' interpretation of their significance. 

Diabetes Produced by Partial Pancreatectomy. Diabetes mellitus was 
first produced experimentally in dogs by von Mering and Minkowski®® in 
1889 by means of total extirpation of the pancreas. Minkowski®^ also 
found that no diabetes resulted if one-fourth to one-fifth of the pancreas 
were left in position. He and other investigators showed that when 
smaller parts of the pancreas were left, diabetes of varying grades of 
severity might develop, but if more than one-tenth of the gland were left 
in functional condition there was no certainty of diabetes developing. 
Sandmeyer,®^ however, was able to demonstrate that severe diabetes 
resulted some months after partial pancreatectomy when larger pieces of 
pancreas were left behind providing that the remaining pancreas was 
severed from its connection with the duodenum. This was presumably 
due to gradual atrophy and sclerosis of the remaining fragment. 

Early histologic studies established that ■ diabetes never occurred in 
the experimental animals in the presence of well-preserved islands of 
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Langerlians and that diabetes was never absent in the absence of islets,^ 
However, detailed microscopic observations on the islets of Langerhans 
contained m the remaining pancreatic tissue of animals rendered diabetic 
by subtotal pancreatectomy had to await the development of the special 
methods devised by Lane and Bensley for staining the specific granules 
of the islet cells. Such observations were finally forthcoming in 2 series 
of publications, 1 by F. M. Allen^ and 1 by Homans.^^ Their first studies 
were carried out independently and published almost simultaneously 
in 1913. 

Both of these investigators studied microscopically the remaining frag- 
ments of pancreatic tissue in dogs deprived of approximately nine-tenths 
of the pancreas, while Homans, in addition, made similar observations 
on cats deprived of about five-sixths of the pancreas. Partial pancreatec- 
tomy of this extent was usually followed in both species by the develop- 
ment of diabetes. Homans®^* found significant changes in the remaining 
islands of Langerhans in partially pancreatectomized cats even when 
diabetes did not develop. In such animals within 5 days after operation, 
he noted diminution in the granule content of the islet cells. In cats 
and dogs rendered diabetic by partial pancreatectomy, both Homans^ 
and Allen^'-* observed pro^essive loss of the specific granules of tlie beta 
cells accompanied bj’^. swelling of these cells and the appearance of empty 
vacuoles in the cytoplasm which were devoid of any substance that could 
be fixed or stained. This last appearance was recognized at once as the 
counterpart of the hydropic degeneration of the islets of Langerhans in 
human diabetes pre^^ously described by Weichselbaum®- and others. 
TlTiile these changes in the beta cells were progressing, the alpha cells 
remained practically normal with their full complement of granules. 
The nuclei and cells membranes of the beta cells remained normal in 
appearance even when the cj^oplasm had been practically replaced by 
voluminous vacuoles, but eventually there followed rupture, disintegration 
and disappearance of the beta cells leaving the islets much reduced in size 
and composed only of the few remaining alpha cells. In addition to these 
alterations in the islets, Allen® also observed in dogs the formation of 
numerous strands and clusters of duct cells with the appearance of vacuola- 
tion of these and of the epithelium of the smaller ducts in the end-stages 
of severe diRl^etes. 

Allen® found that the rapidity of development of the changes in the 
islets varied directly with the severity of the diabetes. With very severe 
unmitigated diabetes, the first positive vacuolation was found in from 
4 to 7 days; maximum vacuolation w'as attained in about 1 month; and 
in 6 w’eeks to 2 montlis all beta cells had disappeared. Allen® believed 
that the hydropic changes were probably reversible but he was unable to 
prove this conclusively. Later, however, when insulin became available, 
Copp and Barclay^’ demonstrated that the hydropic degeneration’ in dogs 
rendered diabetic by partial pancreatectomy could be reversed by the 
administration of insulin, but only for the duration of insulin therapy. 

Regarding the pathogenesis of these islet lesions, both Homajis®^ and 
Allen®'® argued that, since a small fraction of the pancreatic tissue was 
called upon to perform the work of the whole, it was reasonable to suppose 
that the changes in the islets of Langerhans were due to excessive func- 
tional demands. The succession of changes in the beta cells_ were inter- 
preted as indicating excessive functional acti\dty and exhaustion followed 
bv hydropic degeneration and finally by disintegration of the beta cells. 
Both investigators pointed out the importance of their observations in 
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identifying the beta cells as the source of the pancreatic antidiabetic hor- 
mone. Their conclusions on these points, though entirely inferential, 
have stood through the intervening years without criticism until recently 
when Lukens and Dohan^*° challenged the hypothesis of functional strain 
solely on the score of vagueness. 

The nature of the stimulus to excessive function of the beta cells under 
the conditions of these experiments was an attractive problem which 
engaged Allen’s attention especially. Both he and Homans had observed 
hydropic degeneration and disintegration of the beta cells only in associa- 
tion with diabetes. Allen^*’ had demonstrated that the severity of the 
lesions varied directly with the severity of the diabetes and that their 
development was promoted by a high carbohydrate ’diet. Allen’s further 
investigations showed that the development of hydropic degeneration in 
the presence of diabetes was not dependent on hyperglycemia, glycosuria,^*^ 
lipemia or acidosis.^* He was able to induce the hydropic changes in 
fragments of pancreas separated from all nervous connections*'^ and failed 
to produce hydropic degeneration or any other alterations in the islets 
by interference vuth the circulation of the pancreas.^" In view of these 
findings, and especially the demonstration that the hydropic lesions were 
not dependent on hyperglycemia, Allen*'' concluded that the humoral 
stimulus to excessive function of the beta cells “ must be something deeper 
or more specific in connection with the diabetes.” Although he could 
conceive of their internal secretion existing in the blood stream only in 
traces, he suggested that the islet cells may conceivably be sensitive to a 
deficiency of their own circulating hormone and that this deficiency 
provides the adequate stimulus. Allen regarded this idea as purely 
speculative, but no evidence to controvert his suggestion had appeared 
until recently when Lukens and Dohan,'’®'='‘'® in their experiments on 
anterior pituitary diabetes in cats, made observations apparently contra- 
dictory to those of Allen which led them to favor hyperglycemia as the 
essential factor in the production of the typical lesions in the islets of 
Langerhans. More detailed reference to their experiments will be made 
presently. 

Anterior Pituitary Diabetes. The not infrequent clinical association of 
diabetes with disorders of the pituitary gland had long been the only 
justification for the belief that the pituitary played an important r61e in 
the regulation of carbohydrate metabolism. However, in 1927, Johns, 
O’Mulvenny, Potts and Laughton'*' first recorded the occurrence of hyper- 
glycemia, glycosuria and polyuria in dogs following injections of an extract 
of the anterior lobe of the pituitary. Houssay and Biasotti^® in 1930 
showed that diabetes produced in animals by panereatectomy was amelio- 
rated by hypophysectomy. Finally, in 1932, three groups of investigators 
almost simultaneously reported the production of diabetes in experimental 
animals by means of injections of extracts of the anterior lobe of the pituit- 
ary. ’These investigators were Evans, Meyer, Simpson and Reichert,^® 
Baumann and Marine,® and Houssay, Biasotti and Rietti.®® Although it 
was then established that a limited course of injections of anterior pituitary 
extract would produce a temporary or transient diabetic state which 
disappeared shortly after the injections ceased, Young®*“ in 1937 added 
materially to the knowledge of anterior pituitary diabetes by his observa- 
tion that the daily injection in dogs of a suitable extract in large doses 
for a period of several weeks may produce permanent diabetes which 
persists indefinitely after cessation of the injections. However, the full 
significance of Young’s observation was not realized until Richardson 
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and Young*®* in 1938 first described lesions of the islets of Langerhans in 
association with anterior pituitary diabetes. The occurrence of such 
lesions in dogs has since been confirmed by a number of other investi- 
gators/^ and the changes in the islets have been studied noth special 
care by Richardson** and Ham and Haist.®^ 

The lesions in the islands of Langerhans affect the beta cells almost 
exclusively. The alpha cells almost always remain normal with a normal 
content of granules, but varying degrees of depletion of alpha granules 
have been described in a few instances,*^ The changes in the beta cells 
correspond in every essential respect with those described by Homans®* 
and Allen*®'® in animals rendered diabetic by partial pancreatectomj'. 
In dogs injected daily w'ith anterior pituitary extract in suitable doses 
the beta cells exhibit progressive depletion of their specific granules wduch 
is usually almost complete at the end of 7 days. Toward the end of this 
period hydropic degeneration makes its appearance in the beta cells and 
progresses rapidly. There is a concomitant vacuolation or hydropic 
degeneration of the epithelium of the smaller pancreatic ducts and of the 
cords of undifferentiated epithelium. During this same earijr period 
mitotic figures may be found among the islet cells, and Ham and Haist®® 
also observed mitotic activity in the cells of the small pancreatic ducts, 
in strands of undifferentiated epithelium and in acinar cells of the pancreas, 
as well as in other organs. 

That the changes occurring within the first 7 days are completely 
reversible is evident from the studies of Ham and Haist®® who observed 
recovery from hydropic degeneration of both islet and duct cells and 
restoration of about half of the normal complement of beta granules 
within 8 days after the last of 7 daily injections of anterior pituitary 
extract. Four days after the last injection granulation of the beta cells 
was complete and the islets restored to practically normal appearance. 
However, in 1 dog subjected to 7 daily injections and sacrificed 27 days 
thereafter, the islets of Langerhans exhibited slightly more collagen than 
usual in association with their vessels. 

If daily injections of anterior pituitary e.xtract be continued for 2 to 
4 weeks or longer, diabetes persisting indefinitely after the cessation of 
the injections is the usual result. In the pancreatic tissue of dogs made 
permanently diabetic in this way, there is a scarcity of recognizable islets 
and evidence of disappearance of many beta cells w'ith consequent reduc- 
tion in size of the islands that remain. The latter may appear practically 
normal udth ordinary . stains,®® but granule stains reveal that they are 
composed chiefly of alpha cells, sometimes with small numbers of agranular 
or hydropic beta cells. Although Richardson** regarded vacuolation of 
the smaller ducts of the pancreas as the most characteristic lesion following 
injections of anterior pituitary extracts, it is found only irregularly in 
permanently diabetic dogs,*®'®® 

Ham and Haist®® were particularly impressed by the close correlation 
betn^een the extent of granulation of the beta cells in the different animals 
of their series and the insulin content of the respective pancreases as 
determined by Best, Campbell and Haist.*® 

Dohan, Fish and Lukens*® found that atrophy of islets was not accom- 
panied by fibrosis. On the other hand, Ham and Haist®® described slight 
diffuse fibrosis of the pancreas and an increase of collagen about the blood- 
vessels of the islets. Richardson**'*** alone has described hyaline replace- 
ment of the beta cells in 3 dogs which had been diabetic for 5 months or 
longer. He thought it possibly significant that these animals had all had 
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a short period of insulin therapy ■which had been discontinued shortly 
before death. Ihvo of the dogs also sho'wed obstruction of the major ducts 
■with acute pancreatitis. In view of recent demonstrations of the amyloid 
nature of the hyaline material found in the islets of Langerhans in some 
cases of human diabetes,* it is worth mentioning that the hyaline 
material described by Richardson®^-®* gave the staining reactions of 
collagen while tests for amyloid material were negative.®®® 

Although dogs are evidently highly susceptible to the effects of anterior 
pituitary extracts, Young®^® was unable to produce permanent diabetes 
by injections of such extracts in mice, rats, guinea pigs, rabbits or cats. 
Even during the course of the injections, mice, rats and guinea pigs 
showed practically no evidence of metabolic disturbance, while a minor 
proportion of the rabbits and cats exhibited only a slight and temporary 
glycosuria and ketonuria. Richardson and Young,®®“ however, were able 
to show by the use of a quantitative method of estimation of the volume 
of islet tissue, that in young rats treated daily for 2 weeks with a crude 
anterior lohe extract the amount of islet tissue was approximately doubled. 
Marks and Young®" found that in such rats the insulin content of the 
pancreas was increased to nearly twice the normal value. More recently, 
Ogilvie®® has shown that a similar increase in the volume of islet tissue 
occurs in rabbits subjected to daily injections of a crude saline extract of 
anterior pituitary gland. The increase in islet tissue was due to enlarge- 
ment of the islets to about twice their original size, the number of islets 
remaining constant. Marks and Young®" give reasons for believing that 
these effects are caused by an anterior pituitary pancreatropic factor 
which is not identical ■wdth either the diabetogenic or growth-promoting 
principle. 

While intact cats are resistant to the effects of anterior pituitary extracts, 
Lukens and Dohan^®^'® have succeeded in producing pituitary diabetes in 
cats pre^viously deprived of one-half to three-fourths of the pancreas. 
The partial pancreatectomy was not of sufficient extent to produce diabetes 
of itself, but daily injections of anterior pituitary extract for several 
weeks produced diabetes of varying severity which persisted indefinitely 
after cessation of the injections. The changes in the islets of Langerhans 
were of the same character as in dogs, consisting of degranulation of the 
beta cells followed by hydropic degeneration. In the cat, however, 
hydropic degeneration persisted in a reversible state much longer than 
in the dog and was the characteristic finding during the first 3 months of 
diabetes, including the period of injections and the early period of perma- 
nent diabetes. Only after 3 or 4 months of diabetes were the islets found 
atrophic as compared with 3 to 4 weeks in dogs. They were then reduced 
in size and number and composed almost entirely of alpha cells with a few 
hydropic beta cells. Hyaline deposits and slight fibrosis were found in 
the islets of several cats observed for long periods. In several instances, 
too, the islets were infiltrated with lymphocytes and occasional neutro- 
phils. Hyaline degeneration was frequently associated with interstitial 
pancreatitis as in Richardson’s dogs.®^ 

Camphell, Haist, Ham and Best*® have shown in dogs that the con- 
current administration of insulin hinders the development of hydropic 
degeneration in the islands of Langerhans which usually occurs during 
the period of injection of anterior pituitary extracts. In partially pan- 
createctomized cats, Lukens and Dohaffi®®-^" found that suitable treat- 
ment within the first 3 months of diabetes resulted in restoration of the 
islets of Langerhans to a practically normal appearance and recovery of 



386 


PROGRESS OF MEDICAL SCIENCE 


the animals from diabetes, a recovery that was maintained after therapy 
was discontinued. Reduction in diet was found to be adequate treatment 
only if the diabetes was very mild, while treatment with insulin was 
effective regardless of the severity of the disease. Reduction of the blood 
sugar to normal by treatment with phlorhizin was equally effective.^® 
When treatment by diet, insulin or phlorliizin was delayed until after 
.3 months of diabetes, that is, until the time when atrophy of the islands 
had occurred, recovery did not follow. 

The pathogenesis of the lesions of the islets ip anterior pituitary dia- 
betes has been discussed in greatest detail by Ham and Haist.^^ Because 
of the very close resemblance of these lesions to those observed by Homans®^ 
and Alien”" in animals rendered diabetic by partial pancreatectomy. 
Ham and Haist, as well as Richardson,®^ were satisfied to regard the 
progressive degranulation and hj^dropic degeneration of the beta cells as 
having been caused by stimulation of these eells to exeessive function. 
As to the cause of this stimulation, the arguments of Ham and Haist, which 
can scarcely be reproduced here, led to the conclusion that anterior 
pituitary extracts may act in two general ways to cause the beta cells to 
overwork: (1) by acting on tissues and organs other than the pancreas 
so as to increase the need for insulin, for example, by increasing the 
amount of carbohydrate to be metabolized and also by making insulin 
relatively ineffective; and (2) by exerting a trophic effect on the pancreas. 
The latter is indicated by mitotic activity in the islets and other epithelial 
elements of the pancreas and may be a factor in permitting the beta 
cells to secrete at a destructively high rate. In accordance wth these 
conclusions, Ham and Haist thought that the early stages of diabetes 
produced by anterior pituitary extracts could be explained primarily by 
increased needs for insulin. The permanent diabetes persisting after the 
cessation of injections could be explained primarily as the result of dimin- 
ished production of insulin owing to destruction of beta cells during the 
first stage. 

As to the mechanism by which the beta cells may be stimulated to 
excessive function, Ham and Haist,®® on the basis of several pieces of 
evidence, suggested that insulin secretion may be controlled by the blood 
insulin level and, therefore, that lowering of the level of insulin in the blood 
may impose an excessive functional strain upon the beta cells. Tins is 
essentially the same idea as that put forward by Allen-** long ago on the 
basis of his e.xperiments with partially depancreatized dogs. In such 
animals treated with phlorhizin, Allen®** found that hydropic degeneration 
of the beta cells developed in spite of maintenance of the blood sugar at 
or below normal levels. This was one of the principal points of his evi- 
dence to show that hyperglycemia of itself was not responsible for the 
damage to the beta cells. Lukens, Donan and Wolcott,'*®’'*® however, in 
their recent studies of anterior pituitary diabetes in cats observed that 
lowering of the blood sugar level by means of phlorhizin for a period of 2 
to 3 weeks led to recovery from diabetes and restoration of the islets to 
their normal state. This and other evidence adduced by them led Lukens, 
Dohan and Wolcott*®-*® to suggest that hyperglycemia is the essential 
factor in the production of damage to the islets of Langerhans. They 
challenged the theory of functional "strain” on the beta cells largely 
because of its vagueness but submitted no alternative suggestion as to the 

mechanism involved. . 

Alloxan Diabetes. The most recently discovered form ot experimental 
diabetes is that produced by alloxan. As long ago as 1937, Jacobs®® noted 
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that the intravenous administration of alloxan in rabbits caused a transi- 
tory elevation of the blood sugar followed by profound hypoglycemia 
usually with death in convulsions in 7 to 10 hours unless this were averted 
by intravenous injections of glucose. Jacobs made no histologic examina- 
tions of the tissues and was unable to explain these effects. Some years 
later in 1943, Dunn, Sheehan and McLetchie,^^ apparently without knowl- 
edge of Jacobs'’ work, also gave intravenous injections of alloxan to rabbits 
with the aim of producing renal damage. The purpose of the experi- 
ments was frustrated by death of the animals within a day or two in a state 
of collapse noth subnormal temperatures. It was observed that there 
was an initial rise of the blood sugar followed by an intense and fatal 
hypoglycemia. However, the most important contribution was their 
observation that these manifestations were accompanied by selective 
necrosis of the islets of Langerhans of the pancreas. None of the animals 
survived to exhibit signs of diabetes. _ ■ 

Very shortly afterwards, Brunschwig, Allen, Goldner and Gomorii^ 
observed several rabbits which survived injections of alloxan but exhibited 
only transitory hyperglycemia. They also reported hyperglycemia sus- 
tained for 2 or 3 weeks in 5 dogs following alloxan injection. Almost 
simultaneously, Bailey and Bailey®“ reported that rabbits could be carried 
through the stage of hypoglycemia by repeated intravenous injections of 
dextrose vdth the subsequent establishment of a persistent diabetic state, 
A further report by Dunn and McLetchie^'* showed that subcutaneous 
injections of alloxan in rats could likewise produce necrosis of the islets 
of Langerhans and permanent diabetes, Goldner and Gomori®”® subse- 
quently described the production of necrosis of the islets and diabetes in 
dogs by means of a single intravenous injection of alloxan. These early 
observations were quickly confirmed by a number of other investigators 
in different parts of the world. The studies of the effects of alloxan have 
since 'been extended to several other species of animals and numerous 
investigations have been directed toward elucidation of the mechanisms 
involved. 

Gomori and Goldner®^" in their paper on alloxan diabetes in white rats, 
reported their failure to produce the same effects in hooded rats given 
intraperitoneal injections of alloxan. Accordingly, they regarded hooded 
rats as being resistant. However, Duff and Starr"*" were successful in 
producing necrosis of the islets and persistent diabetes in hooded rats by 
single subcutaneous injections of alloxan in a slightly larger dose. Goldner 
and GomorF®" tried the effects of alloxan in guinea pigs, cats and pigeons, 
as well as in rats, rabbits and dogs and found all of these species to be 
sensitive in various degrees to alloxan. Diabetes has not been observed 
in guinea pigs since lesions of the islets are found only in the animals 
that die within 24 hours after injection of alloxan.^® In pigeons, alloxan 
causes a disturbance not only of carbohydrate but of uric acid metabo- 
lism.^'*'* Mirsky®^ has recently shown that alloxan injection in the duck, 
while it causes necrosis of the islets of Langerhans, is as ineffective as 
surgical pancreatectomy in producing diabetes in this species. Banerjee* 
first produced alloxan diabetes in rhesus monkeys and this observation 
has been confirmed,®® but human subjects tolerate repeated relatively 
massive, intravenous doses of alloxan without the development of diabetes 
and without significant histologic changes in the islets of Langerhans.**-*® 
Friedgood and Miller®* have demonstrated that alloxan injected intra- 
venously in pregnant rats passes rapidly through the placenta and appears 
in the fetal blood stream. While diabetes developed in pregnant rats 
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m]ected shortly before parturition, the oiTspring showed no signs of dia- 
betes and their pancreatic islets presented no definite pathologic change. 
^ Alloxan, the ureide of niesoxalic acid, is a colorless powder easily soluble 
in w'ater or alcohol. It is administered in 2 to 5 % aqueous solution intra- 
venously, intraperitoneally, or subcutaneously. The last 2 routes are 
the least satisfactory because alloxan solution is distinctly acid and 
cannot be neutralized without inactivation of the alloxan.=» More- 
over, alloxan is rapidly destroyed in the body, and in rabbits sub- 
cutaneous or intraperitoneal injections are ineffective, though effective 
in rats.®-*’“'-^-®^“ A single injection is sufficient to produce the' desired 
results, although divided doses at short intervals have frequently been 
successfully employed. Alloxan is capable of injuring the renal tubular 
epithelium as w’ell as the islets of Langerhans and if the diabetogenic dose 
'is much exceeded the animal dies in a few days of uremia superimposed 
on diabetes. Still larger doses cause a toxic death in a few hours. As 
Goldner-® has pointed out, the margin between the diebetogenic, uremic 
and fatal dose is widest in the rabbit, rat and dog, narrower in the monkey 
and smallest in the cat, guinea pig and pigeon. Different species vary in 
their sensitivit 5 ’' to alloxan and individual variations betn^een members of 
the same species are considerable. An animal that has proved refractory 
to a first dose of alloxan seldom responds to subsequent doses.^*^'^®®'®^-'*® 
Among the various species tested the greatest sensiti\aty is found in the 
dog, in which the diabetogenic single dose of alloxan is 50 to 100 mg. per kg. 
of body weight intravenously.-® Other species in order of decreasing 
sensitivity, with the diabetogenic doses of alloxan, are as follows*, monkey 
(100 to 150 mg./kg. I.V.), cat (150 mg./kg. I.V.), pigeon (125 to 200 mg./kg, 
I.V.), rabbit (100 to 200 mg./kg. I.V.), and rat (including hooded) (200 
to 300 mg./kg. subcutaneously or intraperitoneally).®® Human beings 
tolerate doses of 600 to 1000 mg. of alloxan per kg. of body weight intra- 
venously without the development of diabetes and without histologic 
effects on the islets of Langerhans.^'*” 

In their first report on the effects of alloxan, Dunn and his co-workers®® 
mentioned that a quinoline compound, Styryl-Quinoline No. 90, had 
effects like those of alloxan w*hen injected into rabbits. Jacobs,®® Thoro- 
good,®« and Goldner and Gomori'®® tested in animals a variety of chemicals 
related to alloxan and the latter investigators also tried quinoline com- 
pounds and various oxidizing substances, but no effects similar to those of 
alloxan were observed. Although alloxantin was among the chemicals 
tested with negative results,®®'*®® Koref, Vargos, Rodriguez and Telchi'® 
later reported the production of necrosis of the islets of Langerhans and 
diabetes in rabbits injected with alloxantin. Their observations have 
been confirmed by Bailey and Bailey.® Weinglass, Frame and Williams®® 
have recently demonstrated inhibition of the diabetogenic action of 
alloxan by the intravenous injection of several substances that combine 
chemicallj* with alloxan or inhibit some of its chemical actions. These 
were ineffective w*hen injected more than 5 minutes before or after alloxan. 

The histologic changes in the islets of Langerhans following a single 
injection of alloxan, as described by various investigators, appear to be 
practically identical in rabbits®*®*"*^*®®*^®*®®*®® and m rats.®*®'”*®';®'”*®®’'® In 
both species, even as earlj* as 5 minutes after the injection of a diabetogenic 
dose of alloxan, slight but definite changes are discernible in the nuclei 
and c 3 i;oplasm of the beta cells wnth a suggestion of some diminution of 
their specific granules.®-®® At from 10 to 15 minutes after injection there 
is a definite reduction of granules.®*®® These changes affect first the beta 
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cells at the centers of the larger islets.^-®® Before the end of 1 hour there 
is some shrinkage of the affected cells which appear more closely packed’^ 
and there is a corresponding widening of the pericapillary spaces.®® By 
the end of 1 to 2 hours definite pyknosis of nuclei is evident^ and 
this becomes progressively more conspicuous and extensive in the next 
few hours. At the end of 3 hours some of the affected cells may be detached 
from one another and rounded in shape with homogeneous, eosinophilic 
cytoplasm.'^ In the ensuing hours the cytoplasm may become further 
shrunken’^ or may show conspicuous swelling.®^® Signs of disintegra- 
tion of the cytoplasm with coalescence of the most affected cells begin to 
appear. While shrunken, pyknotic nuclei may remain visible for 16 to 
24 hours or more, increasing numbers of nuclei begin to show karyolysis 
and there is evidence of complete disintegration and disappearance of 
individual cells from 5 hours onward.® These changes continue, until at 
the end of 20 to 24 hours the centers of the islets are occupied only by 
pale staining granular debris in which the shadows of nuclei and occasional 
necrotic cells can barely be recognized.®-®*“’®®’®^'®®'®^“ The time of final 
disappearance of the specific granules of the beta cells is variously reported 
at from 15 minutes®® to 2 or 3 days.®'® 

Following small single doses of alloxan, the changes in the islets are of 
the same kind as described above, but of less severe degree.®® On the 
other hand, after massive single doses of 700 mg./kg. subcutaneously in 
hooded rats. Duff and Starr®'® found the changes leading to necrosis were 
greatly accelerated. The state of the islets at the end of 8 to 10 hours 
was comparable with that just described at the end of 24 hours after the 
injection of the customary diabetogenic dose of alloxan. 

While the changes described are proceeding in the beta cells, the periph- 
erally placed alpha cells remain for the most part undamaged though they 
may show some swelling and evidence of slight degenerative change.®® 
Accordingly, many of the islets show a necrotic center surrounded by a 
layer of surviving alpha cells. Some of the alpha cells, however, may suffer 
greater injury leading to necrosis of single cells here and there.®'®’®®’®®’®® 
According to some descriptions, all of the cells of both alpha and beta 
types are apparently destroyed in practically all of the islets.®®’®’® 

The extent of the damage in the initial stages seems to determine what 
may be observed later. In any case the necrotic debris is rapidly removed 
so that no trace of it is left after 3 to 5 days and there is a corresponding 
collapse of the islet structure. When destruction of islet tissue has been 
extensive there is frequently recorded at the end of 5 days or more after 
injection the impression of great scarcity of islets in the pancreatic tis- 
sue®’®’"’®'®’®®’®'’®® even though small islets may be identified here and there 
on closer examination. In both rabbits and rats after more prolonged 
periods there are recorded instances in which it was impossible to find 
any islet tissue at all.®’®'’®® On the other hand, a peripheral layer of 
alpha cells is frequently spared and even a few of the beta cells may 
escape destruction. In this event, when the debris of necrotic cells has 
disappeared, the islets may be found in normal numbers and even of 
normal appearance when examined with ordinary stains, though they are 
frequently reduced in size. However, stains for specific granules show 
that the islets consist either of alpha cells exclusively or of alpha cells with 
a few non-granular cells of indifferent type.’'’®'“’®'“’®® It has been sug- 
gested that the alpha cells actually increase in number,’’’®®®’®'® but mitotic 
figures have been only rarely observed amongst the surviving cells.®®’®'’®'® 
Hydropic changes in beta cells have never been observed during the early 



390 


PROGRESS OF AIEDICAL SCIENCE 


development of the lesions described and, indeed, such changes have been 
reported in only 2 instances in rabbits rendered diabetic by alloxan and 
exarnined after 48 and 58 days respectively.'*^ The hydropic degenera- 
tion in these animals was attributed by the authors to the effect of hyper- 
glycemia on beta cells that had escaped destruction by alloxan. 

Although the production of alloxan diabetes in dogs has been reported 
by several investigators, the histologic changes in the pancreas 
have been described in detail only by Brunschwig and Allen” and Goldner 
and Gomop.**”® The changes that they observed in the islets of Langer- 
hans are similar to those described in rats and rabbits. The alpha cells 
remain well preserved and numerous while the beta cells are mostly 
destroyed, and those that remain show loss of granules by the 3rd day.®”" 
The islets become somewhat shrunken and less conspicuous than normal 
and consist of well-preserved alpha cells possibly in increased numbers 
together with a few beta cells lacking in granules, or small non-granular 
cells of unidentifiable type. Goldner and Gomori^®" also observed extreme 
vacuolation or hydropic degeneration of the epithelium of the intralobular 
pancreatic ducts in dogs rendered diabetic by alloxan and examined at 
16 to 18 days. In other animal species®--®'®®"*'®^ the eff^ects of alloxan on 
the islets of Langerhans appear to be essentially the same as in rats, 
rabbits and dogs, though the histologic changes have not been described 
nearly so carefully. It seems clear that in all species the beta cells bear 
the brunt of the injury and that the alpha cells, if they are injured at all, 
are the last to be destrdyed. 

The effects of repeated small doses of alloxan have been studied by 
several investigators. In 2 rabbits given daily intravenous injections of 
alloxan in doses of 40 mg./kg., Bailey and co-workers®'^ observed the 
development of diabetes after the 7th and 13th injections respectively. 
The animals were then sacrificed for histologic examination which revealed 
unique lesions of the islets of Langerhans. Some of the islet cells, espe- 
cially those at the periphery, appeared essentially normal. In other cells 
the nucleus and the ground substance of the cytoplasm were well pre- 
served, but no granules were present. Numerous cells presented the 
typical appearance of hydropic degeneration and a few of these showed 
irreversible nuclear changes. Mitotic figures were seen in several islet 
cells but in no case was there more than one mitosis in a single islet. 
As the authors commented,® “ This complex picture of normal cells, slightly 
injured cells, cells with hydropic degeneration, irreversibly damaged cells 
and a mitosis in a single islet is not clearly duplicated in any other form 
of experimental diabetes or in human patients.” 

Hughes and Hughes®^ gave rats daily subcutaneous injections of alloxan 
in doses ranging from 1 to 125 mg./kg. With the latter dose after periods 
of treatment of 2 weeks to 2 months, degenerative changes were found 
in the beta cells of the islets of Langerhans, consisting of various degrees 
of degranulation of the cytoplasm and pyknosis of nuclei. With daily 
doses of 25 mg./kg. or less, there was little sign of damage to the islet cells 
until the end of 2 months. Measurements of the diameters of the beta 
cells in islets of different sizes in normal and treated animals, together 
with observations of the distribution of beta cells injured by alloxan, led 
to the conclusion that there is in the normal pancreas a cycle of maturation 
and enlargement of the islets followed by involution and cell shrinkage. 
Alloxan in the low dosage employed caused destruction of the older beta 
cells only, which in the normal pancreas, are found in the largest islets. 

Duff and Starr®*® tried the effects of repeated doses of alloxan in hooded 
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rats. Subcutaneous doses of 50 and 75 mg./kg. repeated daily for periods 
up to so days produced no effect on the blood sugar level nor any evident 
histologic alteration in the islets of Langerhans. Following dailj’^ doses 
of 100 mg./lvg. in several animals the blood sugar rose on the 4th day to a 
level in the neighborhood of 200 mg. % and so remained for several days. 
The blood sugar then fell to 150 mg. %, and never rose again above that 
level. Such doses of alloxan were continued for periods up to 50 days, 
but histologic examination of the pancreas revealed only slight pyknosis 
of nuclei in the central cells of som'e of the larger islets. There was no 
sign of fibrosis or hyalinization such as is found in some human cases of 
diabetes.®^ 

Almost all authors who have described the pancreas following alloxan 
injections in the various species studied have noted at every stage a 
complete lack of cellular inflammatory reaction, either in relation to the 
necrotic islets or in the remainder of the pancreatic tissue. Apart from 
the vacuolation of intralobular pancreatic ducts described in dogs by 
Goldner and Gomori,^®" all agree that the duct and acinar tissue of the 
pancreas in all species is maintained in essentially normal state. How- 
ever, Duff and Starr-^® observed in hooded rats a very striking increase in 
mitotic figures in the acinar cells of the pancreas beginning at 2 hours 
after injection of alloxan and reaching a peak at 17 hours. Thereafter 
the number of mitotic figures decreased to approximately normal rarity by 
the end of 24 hours. The significance of this observation is not apparent. 

Apart from the pathologic changes in the pancreas, alloxan in dia- 
betogenic doses causes no very striking lesion except in the kidneys, 
where degrees of damage varying from slight degenerative change to 
necrosis of the epithelium of the convoluted tubules are frequently men- 
tioned Extreme fatty infiltration of the liver is found in 

dogs after alloxan injection®”® but in other animals fatty changes in the 
liver are minimal or absent.®’®’^®'®'*'®®®’®® The pituitary, thjwoid and para- 
thyroid glands, when mentioned, have invariably been described as 
essentially normal.’^’®'®’®’®'* The adrenal glands are usually described 
either as normal or as showing slight and variable histologic changes 
duplicated in control animals or interpreted as having no significance bj'^ 
those who observed them.®’^'®*®'®®'®'*'®®“ However, Hard and Carr®® sug- 
gested that importance may be attached to their finding of areas of frag- 
mentation and shrinkage of cells of the adrenal medulla seen shortly 
after the injection of alloxan. Kennedy and Lukens^® found that a dia- 
betogenic dose of alloxan causes hemolysis in rabbits and a rapid fall of 
the red blood cell count to 1 or 2 million but the count returns to normal 
in about 3 weeks. 

In animals rendered diabetic by alloxan, the glycogen content of the 
liver has been reported to be within normal limits,®® but more frequently 
is reduced in amount.®*® '®”®'®^®'^® Histologic studies failed to reveal an 
increase of glycogen in the heart muscle of diabetic rats,®*® but Lackey 
et al.*^ found by chemical analysis a significant increase in the glycogen 
content of the heart muscle and a decrease in that of skeletal muscle. 
If glycosuria has been present, glycogen may be demonstrated in the 
tubular epithelium of the kidney, especially that of Henle’s loops.®*® ’®®’®”“*®*® 

Although the clinical course of alloxan diabetes differs somewhat in 
different animal species,®” the classical signs of diabetes mellitus, hjq^ergly- 
cemia, glycosuria, polyuria, polydipsia, polyphagia, loss of weight, hyper- 
lipemia, ketonuria, acidosis and coma have all been observed repeatedly 
by different investigators. In addition, there is an unusual susceptibility 
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to infections, especially in dogs.^® Even more important is the observa- 
tion of Bailey ct al. in Boston of the development of cataracts in 5 rabbits 
beginning 4 to 6 weeks after induction of diabetes®’’’ and in 2 diabetic rats 
kept alive for 4 inonths after injection of alloxan.® Cataracts seemed to 
develop more quickly and to progress further in rabbits with poorly 
controlled diabetes than in those receiving insulin.’ It appears to be 
questionable whether the development of cataracts is solely dependent on 
the diabetic state for they have not been observed in association with 
protracted alloxan diabetes in anj’’ animal species by other groups of 
investigators in Philadelphia/® Chicago’® and Montreal.” Arterio- 
sclerosis has been sought, but not found, in association with alloxan 
diabetes; it has not been seen even in rabbits’’”® in which the arterial 
system is notoriously sensitive to injury. 

Everything that has been said up to this point has had reference to the 
effecte of alloxan in intact animals, but its effects have also been studied 
in animals subjected to adrenalectomy or hypophysectomy. In previously 
adrenalectomized or hypophysectomized hooded rats. Duff and Starr”® 
found that the lesions of the islets of Langerhans following alloxan injec- 
tion develop in a manner quite indistinguishable from that in intact 
animals.”® Bailey^ made the same observation in rats previously sub- 
jected to hypophysectomy. It seems clear, therefore, that the destructive 
effects of alloxan on the beta cells of the islets are not mediated through 
effects upon either the adrenal or pituitary glands. 

The influence of adrenalectomy and of hypophysectomy on the charac- 
teristic initial fluctuations of the blood sugar level following alloxan 
injection and on the ensuing diabetes have also been studied by several 
investigators whose observations may be summarized briefly. 

It has been demonstrated by Goldner and Gomori®®' in rabbits, by 
Kirschbaum, Wells and Molander^ in rats, and by Duff and Starr”® in 
hooded rats, that the immediate hyperglycemia following characteristi- 
cally within the first few hours after injection of diabetogenic doses of 
alloxan is practically abolished by bilateral adrenalectomy. All of these 
investigators found also that the phase of hypoglycemia occurred earlier 
and was more profound than in intact animals. All adrenalectomized 
animals exhibited hypoglycemic convulsions, even though in the case of 
the rats, hypoglycemic convulsions were never observed in intact animals 
given identical doses of alloxan.”®’®^ Goldner and Gomori®®' obtained the 
same effects in 3 rabbits by destruction of the adrenal medulla alone, but 
this observation was not confirmed by Kirschbaum et who found 
that the presence of regenerated adrenal cortical tissue following adrenal 
enucleation in 3 rats was sufficient to prevent the occurrence of hypo- 
glycemia. Janes and Friedgood®® have recently demonstrated that 
adrenalectomy in rats previously rendered diabetic by alloxan is followed 
by a marked reduction or complete disappearance of diabetic symptoms, 
a response similar to that shown by pancreatectomized animals. 

Kirschbaum et al.‘^ found that injection of alloxan in pre^^ousIy hypoph- 
yseetomized rats produced an initial blood sugar curve similar to that 
observed in adrenalectomized animals. The usual immediate hypeij 
glycemic reaction was lacking and there was early appearance of profound 
hypoglycemia and convulsions within 6 hours after injection. The 
observations were not carried beyond this time. Although it is not so 
stated, it appears probable that these animals were starved for some 
hours before injection of alloxan and perhaps throughout the experiments. 
Duff and Starr,”® in hitherto unpublished experiments in hooded rats, 



PATHOLOGY AND BACTERIOLOGY 


393 


found that if liypophysectomized animals were allowed food ad lib. before 
and after injection of alloxan, the subcutaneous injection of a diabetogenic 
dose was regularly followed by an immediate and rapid rise of blood sugar 
within the first 2 hours to levels slightly higher on the average than those 
observed in intact animals.^i® This was followed by a precipitous fall of 
the blood sugar to hypoglycemic levels. This fall continued more gradu- 
ally until hypoglycemic conAuilsions occurred in the majority of the ani- 
mals at from 8 to 18 hours after injection. Some of the animals died in 
convulsions but others, with or without convulsions, survived and were 
sacrificed for histologic examination at intervals up to 5 days. Although 
histologic studies showed destruction of the islets of Langerhans quite as 
extensive as in intact animals there was no evidence of diabetes during 
the periods of survival. The blood sugar remained at more or less normal 
levels, but there were irregular fluctuations somewhat above and below 
the normal limits. The suppression of diabetes in these experiments is 
comparable with the beneficial effect of hypophysectomy in animals 
rendered diabetic by pancreatectomy as first observed by Houssay and 
Biasotti.®® 

The mechanism by which alloxan causes the characteristic initial 
fluctuations of the blood sugar level and necrosis of the islets of Langerhans 
has been the subject of numerous investigations. Jacobs,^®, who was 
unaware of its destructive effects on the islets, compared the hypoglycemic 
action of alloxan with that of insulin. It has since been shonm that 
alloxan does not exert a hypoglycemic effect in depancreatized dogs®®'’®® 
nor in animals previously made diabetic with alloxan.®®' Thus, it is 
clear that absence of intact islets of Langerhans robs alloxan of its ability 
to produce hypoglycemia. Alloxan does not inhibit the effect of insulin 
when they are injected simultaneously,®®^-' nor is insulin inactivated by 
alloxan in rifro.®®®-'-^® Corkill, Pantl and Nelson^® have demonstrated in 
the spinal eviscerated cat that alloxan per se has no effect on the utilization 
of glucose nor on the blood sugar level. 

Dunn and his collaborators,® on their discovery of the fact that alloxan 
causes necrosis of the islets of Langerhans, were impressed by the selective 
character of this injurious effect and thought that it was best explained 
on the basis of a disturbance involving their special function. They, 
therefore, suggested the possibility that alloxan produced a mobilization 
of carbohydrate, causing the initial hyperglycemia, to which the cells of 
the islets reacted by an excessive outpouring of insulin. This would 
account for the rapid fall of blood sugar which ushers in the hypoglycemic 
phase of the reaction. Moreover, it was suggested that the necrosis of 
the islet cells which occurred during the same period could be explained 
by this overstimulation of the cells to the point of destructive functional 
activity. This interesting hypothesis was later disproved by several 
experimental observations. Goldner and Gomori®®®-' demonstrated that 
prevention of the initial hyperglycemia by insulin and of the ensuing 
hypoglycemia by glucose injections does not prevent destruction of the 
beta cells nor the ultimate appearance of diabetes. The initial hyper- 
glycemia following alloxan injection is also prevented by adrenalectomy, 
but this does not protect the islets from necrosis.®'® Moreover, the histo- 
logic studies outlined in preceding paragraphs show that degenerative 
changes appear in the beta cells within 5 minutes after the injection of 
allo.xan and that these changes have progressed to necrosis of many of 
the cells by the time hypoglycemia makes its appearance. These facts are 
scarcely consistent with the idea of necrosis caused by exhaustion from 
excessive secretion of insulin. 
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Bailey and Bailey®^ suggested that the immediate hyperglycemia fol- 
lowing injection of alloxan was a non-specific effect and that the hj^po- 
glycemic phase might be due simply to the escape of a large amount of 
insulin from the dying islet cells. Hughes, Ware and Young®® proposed 
the same hypothesis with the additional suggestion that the initial hyper- 
glycemia was caused by a release of adrenalin. They added support to 
this idea by showing in the rabbit that the typical blood sugar curve 
observed during the first 8 hours after injection of alloxan could be dupli- 
cated by the injection of adrenalin and of a quantity of insulin equal to 
that contained in the pancreas of a normal rabbit. If this hypothesis is 
correct, bio-assay of the insulin content of the pancreas at intervals after 
alloxan injection should reveal a profound decrease of insulin content 
during the acute phase of the reaction, the decrease beginning after necrosis 
of islet cells has begun to occur. This is precisely the observation recorded 
by Ridout, Ham and WrenshalF in a study of this kind carried out in 
rats and dogs. Not only is this observation in accord with the theory 
outlined above, but so also are all of the data on the -effects of alloxan 
accumulated up to the present time and summarized in the preceding 
pages of this review. 

Of course, it is implicit in the hypothesis proposed by Hughes, Ware 
and Young®® that the cells of the islets of Langerhans are killed by a direct 
selective action of alloxan upon them, and there is evidence that the injurj^ 
is inflicted in a very short space of time, not exceeding 5 minutes after 
injection. Alloxan is inactivated by neutralization®® and it seems obvious 
that neutralization by buffers of the body fluids would occur very shortly 
after injection.®®® Leech and Bailey,'*^ employing a quantitative chemical 
method devised by them for the determination of alloxan in blood, have 
demonstrated in rabbits that injected alloxan disappears almost com- 
pletely from the blood within 2 minutes. Substances that inhibit the 
diabetogenic action of alloxan are ineffective when injected more than 
5 minutes after alloxa-n.®® Gomori and Goldner®®® have shomi that inter- 
ruption of the blood supply to a portion of the dog’s pancreas during and 
for a period of 1 to 6 minutes after injection of alloxan, will protect the 
islets in that part of the pancreas from alloxan damage. Thus the injury 
produced by alloxan is known to be very acute and all evidence points to a 
direct action of this chemical upon the islet cells, but the reason for the 
high susceptibility of the beta cells to damage by alloxan and the means 
by which it exerts its cytotoxic effect remain obscure. 

Alloxan diabetes, when it is established, is evidently caused by a relative 
or absolute deficiency of insulin production owing to destruction of the 
beta cells of the islets. This concept is supported not only by logic and 
by metabolic studies,®®'^® but by the direct observation of Goldner and 
Gomori®®'' that the insulin content of the pancreas of dogs made diabetic 
by alloxan is reduced to about one-fourth of the normal value. 

Comment. Between the surgical diabetes produced by partial pancreat- 
ectomy and the endocrine diabetes produced %>■ anterior pituitary extracts, 
there are many similarities and relatively few differences. Both of them, 
however, differ in several important respects from the chemical diabetes 
produced by alloxan, as Goldner®® has pointed out. In all 3 forms of the 
experimental disease, the final permanent phase of the diabetes is caused 
primarily by a deficiency of insulin occasioned by loss of the beta cells of 
the islets of Langerhans, but the stages leading up to this deficiency differ 


considerably. , . , , „ , , , i 

The hydropic degeneration of the beta cells produced by partial pan- 
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createctomy appears to be identical with that produced by anterior 
pituitary extracts. This change is at first reversible and only later 
progresses to irre^'ersibIe cell damage. In both instances hydropic degen- 
eration is probably caused by the excessive functional demands associated 
with hyperglycemia. Consequent upon this demand there is excessive 
secretory acti\dty and “overstrain” of the cells. The hydropic changes 
in the beta cells can be promoted by increasing the strain through the use 
of a high carbohydrate diet; they can be prevented or reversed in the early 
stages by relieving the strain through dietary restriction or treatment 
with insulin in the case of surgical diabetes, or, in the case of anterior 
pituitary diabetes, by stopping the injections of anterior pituitary extract 
or by treatment with restricted diet, insulin or phlorhizin. In both 
types of experimental diabetes an initial elevation of the blood sugar 
appears to be essential to the production of permanent diabetes and the 
rate of progression of the cellular changes in the pancreatic islets is roughly 
proportional to the degree of hyperglycemia. In all of these respects, 
these 2 forms of experiihental diabetes differ from alloxan diabetes. 

In alloxan diabetes, the beta cells of the islets show, from the beginning, 
degenerative changes that lead quickly to necrosis without the appearance 
of a stage in any way resembling hydropic degeneration. The necrosis is 
probably caused by the direct action of alloxan on the islet cells and this 
injurj'- is irreversible. Necrosis of beta cells follows a diabetogenic dose of 
alloxan regardless of the carbohydrate content of the diet or the absence 
of food.'^^’’ Prevention of the initial hyperglycemia by treatment with 
insulin or phlorhizin does not prevent necrosis of the islets of Langerhans 
nor the subsequent appearance of diabetes; nor does such treatment 
permanently improve the diabetes once established.®®’’’* 

Surgical diabetes can be produced in certain animals (e. g., dogs and 
cats) by a single operation requiring no great technical sldll. Endocrine 
diabetes is brought about by repeated injections of anterior pituitary 
extract continued over a period of days or weeks. Chemical diabetes, on 
the other hand, can be produced within a space of 24 hours by a single 
injection of alloxan. Moreover, alloxan is effective in small laboratory 
animals such as rats and rabbits which are refractory to the diabetogenic 
effects of anterior pituitary extract. In these species, too, the production 
of diabetes by pancreatectomy is scarcely feasible for large scale research 
because of the technical difficulty of excising a sufficiently large proportion 
of the pancreatic tissue and the consequent uncertainty of the results. 
It is obvious, therefore, that the discovery of the diabetogenic property of 
alloxan has placed in the hands of investigators an invaluable new tool for 
the prosecution of further research in the field of diabetes. 

The various methods available for the experimental production of dia- 
betes in animals have not been conspicuously successful in reproducing 
lesions of the islets of Langerhans similar to those encountered amongst 
human cases of diabetes mellitus.®^ The hydropic degeneration of the 
beta cells observed in animals with surgical or endocrine diabetes does, 
however, appear to be an exact replica of the hydropic changes seen in 
certain human cases. Hydropic degeneration of the beta cells in cases of 
diabetes in man is far from common;®^ but it seems reasonable, on the 
basis of the experimental observations, to interpret such changes, wffien 
observed, as evidence of functional overstrain. The fibrosis and hyaliniza- 
tion of the islets seen in a few animals after prolonged anterior pituitary 
diabetes are suggestively like the alterations observed in some human 
cases of diabetes.®^ However, such changes seem to occur only irregu- 
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larly in the experimental animals and the significance of these lesions in 
human diabetes is open to question because of their not infrequent occur- 
fence in non-diabetic subjects.^’®-®^ 

Dunn and his collaborators^®-^® suggested the possibility that alloxan 
might be of importance in the causation of human diabetes. The early 
changes in the islets produced by alloxan do not resemble any lesion com- 
monly^ observed in human diabetes but Dunn ct alP were able to dis- 
cover in the literature reports of 4 or 5 human cases in which necrosis of 
the islets was described. It seems, however, most improbable at present 
that alloxan plays a role in the etiology of human diabetes for several 
reasons. There is little, if any, evidence that alloxan has any part in 
physiologic processes in spite of its close relation to uric acid.®® It is very 
rapidly destroyed when injected into animals.®’®-'*’' Moreover, the high 
resistance of human subjects to the diabetogenic effects of alloxan has 
already been established.”-’® 
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In both, clinical medicine and pathology, emphasis is usually placed on 
the study of differences in clinical manifestations and in pathologic changes 
which are exhibited by different diseases. This is well illustrated by the 
clinical pathologic conference with its stress on differential diagnosis 
through a searching examination for even minute differences in clinical 
manifestations or in pathologic lesions. In view of the practical objective 
of arriving at a correct diagnosis, it is natural that the contrasting of 
lesions either of a given tissue or cell, or the pattern of lesions in different 
tissues or cells, in different diseases should occupy first place. 

rVom the point of view of understanding the mechanism through which 
a given lesion is produced, it may be equally important to contrast or 
compare different etiologies which produce the same lesion. In other 
words, the convergential study of a number of diseases or etiologies which 
produce the same lesion may be as important in one way as the differential 
study of lesions is in another. In a number of diseases of distinctly differ- 
ent etiologies a highly specific and damaging lesion may occur—motor 
neuron injury or destruction. Certain of these diseases may not be dis- 
tinguished so much by any difference in this important clinical or patho- 
logic manifestation but more by the epidemiologic circumstances under 
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which they occur, by secondary or incidental findings, or by demonstration 
01 the etiologic agent itself. 

The motor neuron is one of the most highly individualized cells of the 
body. Both anatomically and physiologically it is extraordinarily special- 
ized, and the difference in its function from that of cells of the body in 
general is as great as that between processes as slow as osmosis and as 
rapid as explosion. It therefore would be expected that this cell is pos- 
sessed of an equally highly specialized biochemical system. 

A number of etiologic agents, the mechanisms of the action of any of 
which are unknonm, all produce changes quite distinct from those which 
they may produce in other cells. This in itself suggests that these changes 
may represent disturbances in the biochemical mechanisms which are 
peculiar to these cells. And since both the disturbances in function and 
the pathologic changes in the motor neuron caused by any one of a number 
of etiologic agents takes place under curiously similar circumstances— for 
example, as a rare complication in a number of virus infections which are 
otherwise quite dissimilar— the question is raised whether they are the 
result of a biochemical characteristic which is common to the whole group 
of agents which may induce selective damage to the motor neuron. The 
exact mechanism of neuron damage is not known in any one of these 
diseases. No one of the axone reactions can be removed for exact study 
from the disease process as a whole of which it is a part. On the other 
hand, the chemical configuration of the etiologic agent of one, or of a 
prophylactic or curative agent which counteracts the reaction in another, 
may be known. In some, there is knowledge of the particular circum- 
stances under which neuron damage takes place or of the factors of sus- 
ceptibility, inherent or acquired, which influence its occurrence in the 
course of the different diseases. In others there is a close relationship, 
either genotypic or phenotypic, between a number of etiologic agents, 
which although producing otherwise widely different diseases, are all asso- 
ciated with neuron damage. Furthermore, certain of the etiologic agents 
exhibit a sparring or “absorption” effect toward others. This would 
suggest that they are capable of occupying and holding identical chemical 
positions within the cell. And still others may have a common capacity 
to produce, for example, a given Iiisto-chemical change in the neuron. 

Thus, from a conjoint study of a number of diseases which, although 
differing uddely both in etiology and in character, are all associated with 
the occurrence of a single highly specific cell lesion, and each of which 
is amenable to study in respect to some one aspect of the production of 
the lesion in question, it may be possible to “synthesize” a 'biochemical 
mechanism which is common to the group. 

An understanding of such a biochemical mechanism conceivably might 
open up new approaches to the control of neuron damage, the one serious 
effect of a number of diseases, through chemical measures which would be 
more highly specific in respect to this lesion than either the chemothera- 
peutic approaches or the individual immuno-biologic procedures, which 
have heretofore been so largely emphasized but with only partial success. 

The review of a number of diseases, in which neurop damage occurs, 
from the point of view of formulating and exploring this idea is the pur- 
pose of this paper. A similar convergential approach was suggested by 
Shattuck®* when he stated that alcoholic polyneuritis was “caused chiefly 
by failure to take or to assimilate food containing sufficient vitamin B,” 
and “might be properly regarded as beriberi.” Later investigations by 
hlinot, Strauss and Cobb^® established the validity of Shattuck’s observa- 
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tions. Some diseases, many cases of which have at times been designated 
as Landry’s paralysis and which might lend themselves to the study of 
one phase or another of this question are given; poliomyelitis; post- 
Pasteur paralysis; post-vaccinal encephalitis; post-infectious encephalitis 
(virus); encephalitis; herpes zoster; post-diphtheritic paralysis; antitoxin 
and toxoid paralysis (tetanus) ; tri-ortho-cresyl phosphate; periodic familial 
paralysis (potassium)— post-nephritic (sodium); tick paralysis; nerve sec- 
tion; nutritional deficiency; so-called infectious neuronitis; myasthenia 
gravis; progressive muscular atrophy; venom paralysis; lathyrism. 

Landry’s Paralysis. The identity or at least close similarity in the 
essential lesion in a diverse group of diseases is well illustrated in the 
story of Landry’s paralysis. In a recent textbook^® it is called “a form 
of acute, ascending paralysis . . . first described in 1859 and still 

. . . recognized as a clinical entity.” And j^et the text goes on to 

state that the causal agent is not always the same — sometimes the virus 
of poliomyelitis, epidemic encephalitis or acute infectious neuronitis; 
botulism or the paralj>i;ic form of rabies. That Landry’s paralysis is a 
syndrome of sjrmptoms which occurs in many diseases, rather than a 
clinical entity, is indicated by the fact that almost every paralytic disease 
in the diversified gi'oup discussed in this paper has been designated as 
Landry’s paralysis when the progress of paralysis has been “ascending” 
in character. If the celebrated case of ascending paralysis in a person 
named Socrates had occurred in a later era, and had the tragic epidemio- 
logic and etiologic circumstances not been known, it, too, might well have 
been called Landry’s paralysis. Poison hemlock belongs to the parsley, car- 
rot or celery family. Pharmacologically, the alkaloid concerned is known as 
coniine, which stands between curare, a depressor of nerve endings, and 
nicotine, a depressor of nerve ganglia. Coniine poisons both nerve end- 
ings and nerve ganglia.^^ As a matter of fact, a recent reexamination of 
Landry’s original case report ends with the significant query, “Who, in 
this vitamin conscious age, will deny that Jean Baptiste Gr oilier died of 
beri-beri?”^® 

Thus, Landry’s paralysis as an entity seems to have been finally differ- 
entiated out of existence. This has not been so much by the establishment 
of differences in the clinical picture or essential lesion, but by the establish- 
ment of different etiologies, differences in patterns of distribution or 
progression of lesions, or by the recognition of one or another incidental 
symptom or lesion or epidemiologic circumstance. Perhaps, after all, 
the retention of the term “Landry’s paralysis” has become in a sense an 
expression of something in common in a large group of diseases which even 
after a long period of differentiation are still not always clearly separable. 
In 1910, Oppenheim,^'^ in the course of a discussion which emphasizes 
differentiation of the members of a group of diseases in which neuron 
damage occurs, adds the qualification that “. . . although with 

Uaymond who regards acute anterior poliomyelitis, polyneuritis and 
Landry’s paralysis as a morbid unity and as merely different manifesta- 
tions of the same disease {la celhilo-nevrite aiguc anterieure) we recognize 
a genetic relationship.” Again, “It would seem then that the genetic 
-relationship between Landry’s acute ascending paralysis and this 1930 
type of polyneuritis (tri-ortho-cresyl phosphate paralysis) may be very 
close . . . Further evidence to support this view is that the sjnnp- 

toms and course of -Landry’s paralysis can be produced experimentally in 
cats by large doses of tri-ortho-cresyl phosphate.”^®’^ 

As late as 1937, when the several diseases under discussion had all been 
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established as entities on epidemiologic, etiologic as well as clinical grounds, 
the close similarity in their presenting clinical pictures is well illustrated 
by the confusion in differential diagnosis which arose in cases occurring 
in “The Strange Durban Epidemic of 1937,” and in those referred to in 
a report received during the epidemic that a French ship, the “Jean L.D.,” 
which had recently called at Durban, was adrift in the English Channel 
with all the crew paralyzed. A Harley Street neurologist on a visit to 
South Africa at the time gave his “considered opinion ” that the epidemic 
was one of atypical acute poliomyelitis. Others thought the disease might 
be ginger paralysis, but there -was, in fact, no connection between the 
cases and the consumption of Jamaica ginger; many favored a diagnosis 
of toxic poljmeuritis. The occurrence of the disease in the Durban out- 
break mainly, but not entirely, in 5 foci gave strong support to the idea 
of an infectious origin. To deepen the perplexity, 2 cases of polyneuritis 
of the arsenical type cropped up at one of the foci at the critical period. 
Other possibilities considered were the Guillan-Barre syndrome and tick 
paralysis. Thus, the differential diagnosis of the presenting clinical picture 
remained obscure until an ingenious epidemiologic study revealed that 
paralysis in all cases had been preceded by 10 to 12 days by nausea and 
vomiting, and that in turn all cases could be associated, not with the 
consumption of the same food, but with one or another article of food 
consumed at one place or another, but all containing one ingredient coming 
from a single source. Further inquiry revealed that I of 15 drums of a 
particular brand of cooking oil evidently had been contaminated with 
tri-ortho-cresyl phosphate, by the packing of cooking oil in an uncleaned 
barrel which had contained lindol.®^ 

The Motor Neuron. Not so many years ago, anatomy was restricted 
to the descriptive study of the arrangement of tissues and cells into organs 
as a basis W an understanding of the function of the organ ; and histology 
to the arrangement within the cells of morphologic constituents largely 
because of the appearance that they assumed under various staining tech- 
niques devised to render one or another of them visible under the micro- 
scope. Even here, the nature of these cell constituents was important 
chiefly in that it provided a reaction — chromophobe or chromophil— which 
served to differentiate cells primarily in terms of the particular staining 
technique being used. Similarly, the almost universal use of “chromatol- 
ysis ” in pathologic descriptions of the diseases discussed in this paper 
says little beyond the fact that chromatin has lost its affinity for basic dyes. 

The motor neuron reaches the highest degree of anatomic and physio- 
logic individuality- It, unlike any other cell of the body, has sacrificed 
its power of reproduction in its process of specialization. Its long processes, 
dendrites, and axones are protoplasmic continuations of the cell structure. 
In the viscid cytoplasm, many fine granules are \dsible. Some of these 
are glycogen, others, somewhat larger, are mitochondria. When basic 
dyes are used, large chromatophilic bodies of variable size and arrangement 
fill the cytoplasm. These are irregularly shaped bodies with a granular 
structure. Between them lie only faintly stained spaces through which 
the neurofibrils pass, but these are visible only after imprecation with 
silver salts. These chromatophilic, chromidial or tigroid bodies are called 
Nissl bodies (aggregates of thymonucleic acid), after the great neuro- 
pathologist who first described them. They may he arr^ged in the form 
of nets, stripes, combinations of nets and stripes, or simply distributed 
irregularly. Nissl bodies are present in the dendritic processes but not 
in the axones. Nissl bodies stain with basic jdyes like the nucleus and 
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also contain iron so that they have been considered as extranuclear chro- 
matin. There is probably need for more chromatin in ganglion cells 
than could be produced in the nucleus, in order to maintain the proper 
nuclear-cytoplasm relationship. The size of the cells and their long 
processes makes for an excessively large volume of cytoplasm. Nissl 
bodies, however, give a positive reaction for thjnnonucleic acid which is 
not obtainable from the nucleus. Bodian and Mellors^® cite evidence 
which indicates that Nissl bodies consist of a protein matrix and an 
attached basophilic component specifically removable by alkalis or ribo- 
nuclease, probably a ribonucleic acid. There is no other positive differ- 
entiation between nuclear and extranuclear chromatin. Thus, by the 
application of a number of techniques, the cytoplasm of a motor nerve 
cell can be shown to be seemingly impossibly filled with either one of 
several substances. It has been questioned whether the cytoplasmic 
granules and especially the Nissl bodies are present in the living cell or 
merely represent the coagulative effects of fixatives on the colloids of the 
cytoplasm. Only recently have the Nissl bodies and granules been 
photographed in the living cell under ultra-violet light by Wiemann.^®® 
Other evidence suggests that they represent living structures even though 
they exist in a different form in the living cell. IDuring activity, as Dolly®^ 
has shown, the cells swell and their Nissl bodies fade markedly, suggesting 
that Nissl bodies represent a vital part of this cell, and are concerned 
with the special metabolism associated with its extraordinarily rapid 
changes from rest to complete activity as distinguished from the activity 
of other cells which may at any given moment be, for example, a kidney 
tubule cell, comparatively infinitesimal. Cutting the axones of ganglion 
cells causes chromatolysis. Finally, disease processes produce character- 
istic and relatively constant changes in these structures. These facts, 
in addition to their iron content, suggest that Nissl bodies represent a 
vital part of the cell, and are concerned in the activity of this special type 
of cell — reservoirs of some substance necessary for its extraordinarily rapid 
changes.^^ As with the organ, under the older concept, interest centered 
in the “function,” usually the output of a cell, in terms, for example, of 
secretion or nerve impulse. But anatomy and histology are moving from 
morphology to the application of methods which are revealing the actual 
biochemical processes which go on in a cell, an understanding of which 
will not only explain cell function, but, as well, the biochemical mechanism 
involved in its pathologic processes. Under this concept, the morphology 
of the cell relinquishes its dominant position, and becomes the framework 
upon which the biochemical system of cell physiology, and, in turn, cell 
pathology operates. 

The significance of the morphologic changes involved in chromatolysis 
— representing profound changes in protoplasmic components and energy 
relationships of the cell, has acquired new interest with the convergence 
of various lines of investigation from related fields. The well-known fact 
that virus activity produces chroraatolysis in the affected nerve cell indi- 
cates the necessity of knowledge of the localization of materials and 
chemical reactions within the cell. The relation of cellular physiology to 
infection is further emphasized by the observation by Howe and Bodian, 
that cells ordinarily susceptible to poliomyelitis virus are rendered rela- 
tively resistant by axone section. 

As pointed out by Bodian and Mellors,^® the “normal” Nissl pattern 
is a result of the equilibrium of cytoplasmic nucleoprotein. Depletion 
of these substances might be interpreted as a degenerative change due to 
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increased requirements for protein synthesis following cell injury, as, for 
example, the increased sjmthesis created by a regenerating axon. To 
quote Bodian and Mellorsd® “The occurrence of chromatolysis in 
various pathologic conditions in which axon regeneration is not involved, 
suggests a shift in the balance of a steady state by differential inhibition 
or acceleration of complex enzyme-regulated reactions. This might be 
expected to have a variable effect on the many qualitatively different 
‘neuron species’®^ present in the nervous system, producing the well- 
known ‘differential vulnerability’®® of different nerve centers to various 
toxic agents, and in a spectacular fashion to poliomyelitis virus. In 
addition to- the specific production of chromatolytic changes by toxins 
and neurotropic viruses, interference with enz^nne mechanisms by hor- 
monal imbalances®^ or dietary deficiencies might conceivably in extreme 
cases produce the phenomenon of chromatolysis. Such changes of nerve 
cells have been reported, for example, in thyrotoxicosis.’’®®'®® 

Some knowledge of the biochemical changes accompanying chromatolysis 
has been gained from studies on the response of the neuron to axon section. 
As long ago as 1930, Marinesco®® reported increased proteolytic activity 
in chromatol;ji;ic cells. More recently Gersh and Bodian®® reported sig- 
nificant changes in the concentration of cytoplasmic ribonucleotide and 
protein during chromatolysis, suggesting alterations of enzymatic activity, 
at least ribonuclease and proteases, and probably other enzymes. Bodian 
and MelIors'®“ found that phosphatase activity also is affected by chro- 
matolj^sis, in that an increase above the normal range of actmty during 
the chromatolydic cycle occurs at the time (or a little later) of the appear- 
ance of histologic changes. The increased phosphatase activity is con- 
fined to the cytoplasm, there being no increase in activity of nuclear 
phosphatase at any stage of chromatolysis, and is sensitive to pH changes. 
Activity appears to be increased by nucleic acid, suggesting ribonuclease 
actirdty.®®® Experimentally, it has been observed by Allen and Eiler® 
that crystalline ribonuclease liberates phosphoric acid groups from ribo- 
nucleic acid. Bodian and Mellors®®® suggest a correlation between in- 
creased phosphatase activity and increased synthesis of nucleoprotein, 
since the peak of phosphatase activity in the chromatolytic cycle seems 
to occur with the height of Nissl body breakdo^vn. A selective action on 
acid phosphatase activity is exerted by' the adenylic acid and nucleotides 
derived from ribonucleic acid. 

Further evidence of the relationship of these complex enzyme reactions 
to the integrity of the cell can be seen in recent studies on the cytochrome 
oxidase of normal and regenerating neurons. Potter and Albaum®® found 
that cytochrome oxidase was inhibited by ribonuclease. Howe and Mel- 
lors®® reported that the maximum reduction of cytochrome oxidase activity 
coincides with the maximum refractoriness of the cell to infection with 
poliomyelitis virus. However, neither phenomenon could be correlated 
with maximal chromatoly'sis. FoHow'ing root section, the cell e^ibited 
no resistance to virus for about 10 days, after which it rises to a high Ic^®^ 
w'hich lasts for several w'eeks, or until functional recovery takes place, 
at which time the cell is no longer resistant.^ These studies suggest a 
relationship between cj'tochrome oxidase activity and resistance to virus 
infection. As pointed out by Howe and Mellors,®® there is no reason to 
believe that chromatoly'sis is not a manifestation of regenerative processes 
despite the fact that it occurs in pathologic states in which it obvious y 
represents cell damage. The reversibility _ of the chromatolytic cycle 
indicates that the condition is compatible with cell life. 
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Thus, there is some exact data on the nature and course of clrromatolysis 
and its effect on the physiologic integrity of the motor neuron. On the 
other hand, knowledge of the nature of the events inducing chromatolysis 
(other than axone section) is lacking. The term ‘'neurotropic/’ generally 
used to explain the peculiar selectivity of certain substances for nervous 
tissue is almost as vague, insofar as exact knowledge is concerned, as was 
the term “chromatolysis” prior to the advent of modern histochemical 
teehniques. It seems logical that “neurotropism ” probably depends upon 
the presence in the nerve cell of a chemical substance or function essential 
to the metabolism of viruses or presenting a specific chemical affinity to 
the inorganic “neurotropic” substances. 

Biochemically, one of the characteristics by which the nerve cell is set 
apart from other cells, is the synthesis of acetylcholine. Choline acetylase, 
the enzjone which sjmthesizes acetylcholine from choline and acetates, is 
present only in the nervous tissue.'^'* This, together with the presence of 
choline esterase, which decomposes acetyleholine, at or near the surface 
of a neuron in contrast to the respiratory enzymes which are concentrated 
in the axoplasm, suggests the concept that acetylcholine metabolism is 
intrinsically related to the electrical changes occurring during nerve 
activity.^- 

The metabolism of the phospholipids is intimately related to the forma- 
tion of acetylcholine. As Nachmansohn and his co-workers''® recently 
pointed out, “The changes at the neuronal surface during their activity 
and their rapid reversal cannot conceivably be effected without energy 
loss since they must involve processes which are — from the thermodynamic 
point of view— irreversible, and can only be reversed by the free energy of 
chemical reactions. If the release of acetylcholine and its subsequent 
breakdown is responsible for the alterations of the nerve membrane during 
the transmission of the nerve impulse, chemical reactions must supply 
the energy for the resynthesis of acetylcholine.” 

These same authors suggest that the most readily available source 
of energy for endergonic life processes is the energy-rich phosphate 
bond. The concentration of phosphocreatine in the nerve cell is as high 
as that attained in muscle cells. Nachmansohn et have shown that 
the breakdown of phosphocreatine preceded by the breakdown of adeno- 
sinetriphosphate is adequate to account for the electrical energy released 
by the action potential of the thermoelectric organ in the electric eel; 
the energy essential to the original synthesis of phosphocreatine being 
derived from the oxidation of pyruvic acid or glucose. The adenosinedi- 
phosphate formed by the breakdown of adenosinetriphosphate is rephos- 
phorylated by the subsequent breakdown of phosphocreatine. Those 
authors described this chain of biochemical reactions or the “acetylcholine 
cycle” as follows: “The breakdo^vn of acetylcholine by choline esterase 
and eserine is followed bj”- J^he liberation of a phosphate bond from adeno- 
sinetriphosphate.» The adenosinediphosphate thus formed is resynthesized 
to adenosinetriphosphate by the subsequent breakdown of phospho- 
creatine. The resulting creatine is rephosphorylated either by phospho- 
pyruvic adenosinetriphosphate acting as an intermediate, or by the 
oxidation of pjTuvic acid. The link between the adenosinetriphosphate 
and acetylcholine may be either acetylphosphate or phosphorylcholine.” 

These reactions occur under aerobic conditions only" in the presence of 
glucose or pyruvate,"^ while acetylcholine is synthesized from choline and 
acetate under anaerobic conditions.''^ This latter observation may explain 
in part the extreme sensitivity of the nerve cell to oxygen. On the other 
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hand, anaerobic conditions and various respiratory inhibitors appear to 
inhibit the formation of phospholipid.^®^ Any event which disturbs this 
delicate oxygen balance or inhibits any one of the several enzymes activat- 
ing the various reactions in the chain, could conceivably disrupt the 
metabolism of the cell and prevent the formation of acetylcholine. There 
is some evidence that disturbance between the enzyme and its menstruum 
can bring about profound changes in the cell. Chromatolysis has been 
attributed to an enzymatic imbalance resulting in the inability of the 
cell to replace nucleotide as rapidly as it is expended.®® Nachmansohn 
and Machado^® point out that if pyruvic acid is the precursor of the acetate 
(acetic acid) utilized in the acetylation of acetylcholine, then inhibition 
of the formation of pyruvic acid could prevent the production of acetyl- 
choline. That such might be the ease is suggested by the inhibition of 
acetylcholine by sodium iodoacetate which reacts specifically with the 
sulfhydryl groups contained in the proteins of many enzymes.’® The 
activity of phosphatase is inhibited by the action of strong oxidants, 
perhaps by action on certain amino groups of the enzjnne rather than the 
sulfhydryl group.®® On the other hand, adenosinetriphosphate is decom- 
posed rapidly by increased phosphatase activity in autolyzed tissue.®’ 
Adenosinetriphosphate appears to play an equally significant role in 
muscular contraction. As pointed out by Sandow,®® it is now generally 
accepted that myosin and adenosinetriphosphate are the most funda- 
mental constituents of muscle tissue. Myosin is the contractile substance 
and adenosinetriphosphate is the source of chemical energy which activates 
myosin for mechanical acti\dty. In this cycle, as in that of the nerve cell, 
the source of energy is the 2 labile phosphate bonds in adenosinetriphos- 
phate. The studies of Englehardt et ah®®’®®-®® furnish abundant proof 
that adenosinetriphosphate is the source of energy: (1) myosin acts as 
adenosinetriphosphatase, specifically catalyzing the hydrolysis of adeno- 
sinetriphosphate to adenosinediphosphate and free inorganic phosphate 
with the accompanying release of chemical energy, and (2) artificially 
spun fibers of myosin elongate during the hydrolysis of adenosinetri- 
phosphate. 

The neuroto.xic effect of tri-ortho-cresyl phosphate might be brought 
about by similar enhancing or inhibiting action on one or more of the 
enzjnne systems involved in the acetylcholine cycle. It is known that tri- 
ortho-cresyl phosphate exerts an inhibiting action on choline esterase, a 
property not exhibited by themeta- and para-isomers of this compound.’’®'® 

It could be mentioned here that in the opinion of some® the viruses behave 
as biocatalysts, disturbing or changing the course of cellular physiology 
by catab'tic action. Such a view is not as revolutionarj'^ as it would have 
been a few years ago since Stanley®® succeeded in crystallizing the virus 
of tobacco mosaic disease. Certainly the similarity of neuron lesions 
produced by several viruses and certain che^mical substances at least 
suggests a similar mode of action in the nerve cell. As Winslow”® recently 
stated, “The discovery by Stanley in 1935 that the virus of tobacco 
mosaic could be isolated in crystalline form shattered, once and for all, 
the older theoretical boundaries between chemical and biological ^germs^ 
of disease, and made us realize that the distinction between the uYiRg , 
and the ‘non-living’ world is only a matter of definition and a definition 
very difficult to draw. Fracastorius would have accepted this demonstra- 
tion without surprise; and Liebig would bave hailed it with delight. 

By no means is it implied that the mechanism is identical in these 
diseases of varied etiology. As has already been pointed out, the acetyl- 
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choline cycle obviously presents many points of vulnerability at which it 
might be attacked by one or another of the groups of etiologic agents, 
the end-result of any of which could produce an identical or at least 
closely similar clinical or pathologic result. 

Diseases in Which the Chemical Nature of the Etiologic Agent Is Known. 
Tri-ortho-cresyl phosphate: "A patient entering a hospital with bilateral 
motor paralysis of arms and legs gradually ^ew worse with incontinence 
and deglutitory paralysis, and died of respiratory paralysis. The most 
striking factor revealed by histologic examination of autopsy material 
was the presence of marked degenerative changes in the anterior horn cells 
and in the peripheral nerve fibers, without inflammatory reaction. Chro- 
matolysis with swelling, eccentric nuclei and occasional shadow cells were 
also seen in hypoglossal nucleus and in the dorsal motor nucleus and 
nucleus ambiguous. Nowhere was there any cellular infiltration of 
endothelial cells, polymorphonuclear leukocytes or phagocytic glia cells; 
nor was there neuronophagia.”^®^ So reads the initial case report of a 
flaccid paralysis which occurred in such great numbers in many parts of 
the United States in 1930 that it came to be popularly known as "Jake 
Paralysis,” and which after extensive epidemiologic and experimental 
study was shown to be due to the ingestion of extract of Jamaica ginger 
which contained tri-ortho-cresyl phosphate. 

Withdrawal of the product of the single manufacturer of Jamaica ginger 
resulted in the prompt disappearance of the disease, except for occasional 
cases resulting from delayed use of the poisonous lots. The disease again 
appears under quite different epidemrologie circumstances in 1937 in 
"The Strange Durban Epidemic,” already referred to.®^ 

Lillie and Smith®® showed that triphenylphosphate and tri-ortho-cresyl 
phosphite produced much degeneration of nerve cells, ranging from 
tigrolysis to karyolysis, fatty degeneration and vacuolization. With both 
compounds changes were most marked in the neurons in the anterior 
horns and Clark’s column in the cord, and in the bulbar nuclei. In the 
main, triphenylphosphate produces in the cat an acute degeneration of 
the anterior horn cells or when the action is prolonged a moderate to severe 
fatty degeneration of the myelin sheaths of the peripheral nerves. Indeed, 
triphenylphosphate poisoning in the cat may be described as a diffuse 
poliomyelosis, a term used to designate a degenerative process with or 
without necrosis of nerve cells in brain or cord, but without inflammatory 
reaction. With the variable degree of involvement of the peripheral nerves 
it might very well be likened on the basis of its symptomatology and 
pathology with the clinical condition of acute ascending Landry’s paralysis. 

In view of the foregoing discussion, it would seem that a knowledge of 
the manner in which tri-ortho-cresyl phosphate produces neuron damage 
might even yield information which would suggest specific approaches to 
the problem of the nature of the as yet chemically undefined agents pro- 
ducing similar — and equally characteristic histologic changes. 

Looking for a probable explanation of the mode of action of the neuro- 
toxic phenol esters, the rate of hydrolysis of the phosphates and phosphites 
of phenol, meta-, para- and ortho-cresyl were compared by Smith et oL®® 
These compounds have been prepared as mono-, di- and tri-esters, with 
the esterified bond in the meta-, para- and ortho- positions respectively. 
All of the compounds, with the exception of the tri-esters of phosphorous 
and phosphoric acids are readily hydrolyzed into free phenol and inorganic 
phosphorus, while the tri-esters are stable, being hydrolyzed only by fairly 
rigorous chemical treatment. These differences in stability are reflected 
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in differences in toxicity for experimental animals. Smith and Stolilman^^ 
tound that toxicity is proportional to the amount of free phenol liberated 
upon hydrolysis. The mono-esters are all readily hydrolyzed, the transient 
symptoms of phenol poisoning in animals appearing coincidentally ivitli 
the height pf free phenol titer in the circulating blood. Similarly, all 
di-esters elicit phenol poisoning if given in sufficient doses; however 
they are excreted rapidly and the presence of free phenol in the blood 
cannot be demonstrated. As would be e.xpected, in view of in vitro 
experiments, the tri-esters are hydrolyzed but little if at all in the body. 
On the other hand, the tri-esters of meta- and para-cresyl-phosphate (or 
phosphite) are devoid of toxicity, while the tri-ester of ortho-cresyl phos- 
phate (or phosphite) does not produce the usual symptom of phenol 
poisoning, but rather exhibits a specific neurotoxic action, producing a 
flaccid paralysis characterized by lower motor neuron damage in several 
experimental animals. 

In the same report. Smith and Stohlman®^ pointed out that the mono- 
esters are hydrolyzed in the circulating blood by an enzyme carried by 
the erythrocyte, while the di-esters are hydrolyzed 63 '^ enzymatic activitj' 
(probably phosphatase in both cases) in the kidney. The free phenol 
produced by hydrolysis of the mono- and di-esters is conjugated, detoxified 
and excreted in the urine and stool. On the other hand, the tri-esters 
are not hydrolyzed, neither are they excreted in any amount in the urine 
or stool, although the tri-esters could be detected in the circulating blood 
as soon as 10 minutes after injection. However, the 3 ^ disappeared com- 
pletely from the circulating blood in about an hour. 

Nearl 3 ’- the entire dose of the tri-esters could be accounted for by anal 3 ’-sis 
of tissue collected at autopsy. About 80 % of the dose could be recovered 
unchanged from the lungs, where it appears to diffuse slowly, and 2 to 3 % 
could be recovered unchanged from the central nervous S 3 "stem, The 
distribution of the tri-ortho-ester in the body does not hold with an 
earlier theory of intraneural hydrolysis.®^ Purthermore, there appeared 
to be no essential difference in the distribution of the tri-meta-, para- and 
ortho-esters in the body. 

It appears then that the specific neurotoxicity of the tri-ortho-esters is 
closely related to the presence of an esterified bond in the ortho-position 
on the, molecule. Since the tri-ortho-esters are, for the most part, un- 
changed in the tissues of the body, it seems that neurotoxicity may be a 
function of the ester itself. That biologic specificity should be deter- 
mined by configuration of the molecule is not unusual in itself ; for instance, 
the distribution of sulfanilic acid in the body is largely extracellular; the 
addition'of an amino group (sulfonilamide) or an ethanol group (sulfanilyl- 
ethanolamide) endows the molecule with a configuration permitting intra- 
cellular distribution. Purthermore, if the ethanol group is oxidized to an 
acid (sulfanilylglycine) the distribution in the body reverts to the original— 
that of sulfanilic acid.®’ Such interdependencies have been observed in 
studies of the specific immune response to structurally altered antigens,®’ 
of bacterial metabolism’’’ and more recently in nutritional research.”® 

Para-amino-benzoic acid and sulfanilamide are antagonistic, yet struc- 
turally related, differing only in that in the former the carboxyl group 
replaces the sulfonamide in the latter.’” These observations led to the 
hypothesis that the bacteriostatic effect of sulfonilamide might be the 
result of its substitution for para-amino-benzoic acid at some ^^tal step_ in 
cellular metabolism. The dependence of biologic activity on specific 
chemical structure is further illustrated by the observation that certain 
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structural changes in para-amino-benzoic acid yields a compound (para- 
amino-aceto-phenone) which inhibits bacterial growth in competition 
with para-aminobenzoic acid,® itself a growth-promoting substance. 

Woolley^^® cited several examples in which structural changes in various 
vitamins resulted in analogues which inhibited bacterial growth by pro- 
duction of a local “vitamin deficiency,” inhibition being preventable or 
reversible by the addition of sufficient amounts of the metabolite or 
vitamin concerned. Certain other compounds structurally related to the 
vitamins may produce the symptoms of a specific deficiency in vivo. For 
example, Woolley and White”® produced typical thiamine deficiency in 
mice by the administration of pyrithiamine. The deficiency thus pro- 
duced could be controlled by thiamine in sufficient quantity. 

Thus it seems to be possible to produce pharmacologic manifestations 
similar to the symptoms of specific deficiencies by the administration of 
analogues of the vitamin involved. As pointed out by Woolley,”® not all 
structural alterations produce an inhibitory derivative, as evidenced by 
the biologic inactivity of most of the compounds structurally related to 
many of the vitamins. On the other hand, 3 analogues of ribofiavin, in 
each of which the structural change is basically different, all produce ribo- 
flavin deficiencies. Little is known of the mode of action of these sub- 
stances. ^^Tlether their activity depends on a blockade of specific receptor 
substances on or in the cell, thereby preventing the cell from acquiring 
essential vitamins, or on competition with specific metabolites at a par- 
ticular enzyme surface is as yet a matter of coniecture. The need for 
a specific structural “lock and key” correspondence between cell and 
metabolite analogues is suggested by the affinity of the analogues of para- 
amino-benzoic acid for the bacterial cell in preference to the cells of the 
host.^'^ As Woolley'^® states, "The fact that several drugs which are 
active as therapeutic agents against infectious diseases come from this 
group (analogues of para-amino-benzoic acid) may be related to the rela- 
tive immunity of animal organisms to such compounds . . . It is 

not inconceivable, however, that certain specific changes which are brought 
about by a given vitamin deficiency may be effective and desirable thera- 
peutically.” This latter observation is of special interest in view of the 
increased resistance of animals maintained on vitamin Bi deficient diets 
to virus infection.'^ However, it is the exception rather than the rule 
that the presence of a particular radical in a particular position in the 
molecule endows a single isomer of a compound with specific neurotoxic 
activity, while the other isomers are entirely devoid of such toxicity, 
Three modes of action can be hypothesized (none of which is easily proven) 
as an explanation for this specificity; 

1. Solubilitj'’ ; Differences in intracellular solubility might result in 
chemical, physical, or mechanical injury to the neuron. 

2. Configuration; A marked chemical affinity between tri-ortho-cresyl 
phosphate (or phosphite) and some substance characteristic of the neuron, 
resulting in a non-utilizable compound, or loss of a substance essential to 
the vital economj^ of the cell. 

3. EnzjTne poison; Inhibition of an enzyme or enzjnne system which 
is essential to the metabolic or functional activity of the neuron. 

Solubility. As pointed out by Smith, Engel and Stohlman,“ among 
the essential requirements for a neurotoxin are lipid solubility or a course 
of distribution in the body which brings the substance into intimate 
contact with the nervous tissues before being detoxified and eliminated. 
Failure of the body to hydrolyze the meta-, para- and ortho-tri-esters and 
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the recovery of all 3 isomers from the central nervous system seem to 
satisfy these requirements. However, the meta- and para-tri-esters are 
devoid of the neurotoxicity exhibited by the ortho-isomer. 

Configuration. The delayed action of the tri-ortho-cresyl-esters and 
its specific neurotoxicity has been attributed to the slow liberation of ortho- 
cresyl in the nervous tissues,**! but there is no direct evidence to sub- 
stantiate this hypothesis. Bauman® and Preusse®® found that ortho-cresyl 
is in part oxidizable to toluh^’-droquinone. However, Smith, Engel and 
Stohlman®® found that the pharmacologic action of toluhydroquinone did 
not differ from that of phenol in rabbits and chickens. 

The ease with which the ortho-cresyl-esters of an acetate, benzoate 
and phthalate are hydrolyzed into ortho-cresyl or phenol suggests that 
the ortho-position alone is not the reason for stability. The substitution 
of a methoxy group in the ortho-position (guaiacol phosphate) or ahydroxyl 
group (catechol phosphate) for the methyl group in the ortho-position 
alters the pharmacologic action of the ester, suggesting that the specific 
neurotoxic action of the tri-ortho-cresyl-ester is not a property of ortho- 
cresyl per se, but is due to the molecular phosphoric acid-ortho-cresyl 
aggregate,®® acting in some manner to interfere with the normal economy 
of the nerve cells. If these compounds are hydrolyzed or oxidized in the 
nerve cell, molecular configuration may determine the toxicity of the 
resulting substance or determine the toxicity resulting from secondary 
changes. 

The experiments of Smith, Engel and Stohlman®® with intraspinal and 
intraneural injections of a cresyl compound readily hydrolyzed (catachol 
phosphate) mth the liberation of free phenol, and a phenol derivative 
(toluhydroquinone) indicates that if phenols or phenol derivatives are 
brought into intimate contact with nervous tissue without undergoing 
detoxification, varying degrees of paralysis will result. However, the 
failure of tri-ortho-cresyl-esters to produce paralysis when injected in the 
sciatic nerve suggests a more selective affinity and perhaps a different 
mode of distribution, since activity seems in no way related -to phenol 
content as is the case with the other compounds. 

Enzyme Poison. As pointed out by Bensley:!® “Cytoplasm thus has 
no ultimate structural unit but consists instead of several, perhaps many 
different types of units, all cooperating in an orderly fashion to produce 
that ensemble of properties which we call life.” Certain of these units, 
such as the nucleoproteins, lipids, etc., may be essential for the structural 
integrity of the cell. Others, of highly complex composition, mediate 
special biochemical processes characteristic of the cell in an extremely com- 
plex menstruum. In general, the components of most cells undergo an 
endless cycle of synthesis and resynthesis— for example, Schoenheimer®® 
states, “Nucleic acids ... are components of large molecules and 
[are] constantly formed from NH 4 which has been liberated from amino 
acids.” Enzymatic activity is intimately bound to these reactions. 
Gersh and Bodian®® point out that ribonucleic acid in the nerve cell is in a 
constant state of flux, and that when the enzyme mechanisms involved 
are disturbed to the degree that replacement of nucleotide is less than rate 


of expenditure, chromatolysis occurs. _ 

The enzymes or biocatalysts of these reactions often are complex 
organic molecules possessing a specific structure. Specific function^re- 
quently depends on the presence of a single atom— such as the Mg m 
chlorophyl or the Cu++ in mushroom polyphenol oxidase. Frequently, 
the colnzyme is loosely bound to its .earner— many can be modified by 
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the simple detergents. Modification or inhibition of an enzyme may be 
the result of a multiplicity of different effects — reduction in the amount 
of surface exposed to the reactants, chemical affinity, oxidation or reduc- 
tion, changes in configuration, surface tension, electrical potential, vis- 
cosity, or simple pH, etc. Fisher^ stated the case well when he said, 
“Enzj'me and substrate must be adjusted to each other like lock and key.” 
The direction of cellular physiology thus seeiiis to depend upon the delicate 
balance between substrate and enzyme — anything that affects this balance 
might interrupt, inhibit or change the course of continuous cycle of bio- 
chemical change essential to the specific function of the cell. Berzelius^^ 
anticipated this when he wote, “Several single and compound bodies, 
soluble and insoluble, have the property of exercising on other bodies an 
action very different from chemical affinity. By means of this action thej’' 
produce, in these bodies, decompositions of these elements and differ- 
ent combinations of the same elements to which they themselves are 
indifferent.” 

In the complex physiologic and biochemical cj'cles of the nerve cell, 
there are several enzymatic systems intimately interrelated — a disturbance 
in any one of which might disrupt the function of the cell as an organized 
unit. It is knovm that tri-ortho-cresyl phosphate exhibits an inhibiting 
effect on choline esterase — a property which the meta- and para-isomers 
of this compound do not possess.^®’* An interruption of the acetylcholine 
cycle at this point or by the inhibition of one or more of the various other 
enzymes at other links in the chain might produce the changes charac- 
teristic of nerve cell damage. Indeed, myasthenia gravis may be charac- 
terized by a defective sjmthesis of acetylcholine.’® 

Lathyrism. Among the earliest descriptions of paralytic disease is 
found Hippocrates’ obser\'ation that prolonged ingestion of a certain kind 
of “pea ” is liable to produce paralysis. “At Ainos, all, men and women, 
who ate continuously of peas, became impotent in the legs, and that 
state persisted.”^® The seeds of Lathynis satims have been used for 
centuries as food, especially in time of famine, by the people of Italy, 
France, Algeria and India, often resulting in widespread outbreaks of 
paralysis. It is said that as early as 1671 the Duke of Wurtenberg issued 
an edict against their use in the manufacture of flour.®® The medical 
writings of almost any era contain description of this paralysis. 

Following ingestion of steamed or partially cooked seeds, a deep-seated 
paralysis affecting the extremities develops in a few of those exposed. 
Prolonged feeding maintains the paralysis, resulting in subsequent develop- 
, ment of the characteristic tabetic or ataxic gait.’®® If maintained by 
continuous feeding, paralysis may ascend, resulting in death from respira- 
tory failure. Histologic studies in man are unsatisfactory, but in the 
opinion of many observers,®® the action of the toxie substance is exerted 
primarily on the motor end-plates and the motor neurons. Paralysis 
is temporary unless maintained by repeated exposure. Even after par- 
alysis has developed, recovery is prompt if the seed is removed from the 
diet. 

Lathyrism presents another example of a motor neuron disease in which 
the chemical nature of the etiologic agent is known. Billing®^ reported 
that the toxic principle of Lathynis sativus seeds consists of 2 alkaloids, a 
Group II and a Group I^’ alkaloid by the Stas-Otto process. The' solu- 
bility of the toxic principle in boiling water perhaps explains the observa- 
tion that boiled peas are non-to.xic.®® The Group H alkaloid acts on the 
voluntary peripheral nerve endings resulting in a loss of exeitability, while 
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the action of the Group lY alkaloid is similar to that of veratrine, affecting 
the spinal cord primarily, reducing direct muscular excitability. Charac- 
teristic paresis can be produced in frogs and mice. 

The etiologic agent of Lathyrism appears to be capable of interfering 
with the physiologic function of the nerve cell in either one or both of 
two places either at the motor end-plate or in the neuron itself. The 
exact manner in which these alkaloids disturb the metabolism of nervous 
tissue is as yet unknown, but it seems reasonable that paralysis is pro- 
duced bj’’ their action on one or more of the enzyme systems characteristic 
of the motor neuron. 

Vitamin E Deficiency. Vitamin E appears to enhance phosphoryla- 
tion.®' Torda and Wolff^®^ suggested that vitamin E acts on the sulfhy- 
dryl groups in choline acetylase, and suggested that this substance or 
alphatocopherol maj'^ be part of a coenzyme involved in the synthesis of 
acetylcholine from choline since this latter substance occurs as a constituent 
of phospholipid. Biochemically, vitamin E behaves as an anti-oxidant, pre- 
venting the auto-oxidation of fats.®^ The role of vitamin E in the synthesis 
of acetylcholine probably is related to the paralysis in suckling rats from 
vitamin E deficient mothers®^ and rats fed a vitamin E deficient diet.^^'®® 

Unlike most of the paralyses considered here, vitamin E deficiency 
paral^-’sis in rats is irreversible, perhaps due to the prolonged exposure to 
auto-oxidizing fatty acids.®'* However, its prevention by wheat germ oil 
and vitamin E concentrates has been confirmed repeatedly Inter- 
estingly enough Singer*® reported hypoplastic thyroids in vitamin E 
deficient rats, the thyroid becoming normal with administration of vita- 
min E. Vitamin E deficiency paralysis in rats might be compared with 
periodic familial paralysis in that both result from specific deficiencies of 
known chemical substances, but unlike familial paralysis, which is revers- 
ible by the administration of potassium, vitamin E therapy does not 
alter the course of E deficiency paralysis. There are these 2 instances in 
which the absence of a chemically defined substance results in paralysis, 
while in another instance, the presence of a chemically defined substance 
(tri-ortho-cresyi phosphate) affects the same end-result. 

Diseases in Which the Chemical Nature of the Etiologic Agent Is 
TJnkno'Wn, Tick Paralysis. Tick paralysis, first described in 1898’“’, is a 
disease usually folloAving the course of Landry’s ascending paralysis, and 
is associated with the bite of any one of a number of species of ticks. 
The more rapidly the tick feeds, the more rapid is the progression of 
paralysis. Usualbs however, paralysis appears only after the tick has fed 
for some time, suggesting a phenomenon similar to the reactivation of 
the rickettsia of Rocky Mountain spotted fever by the spring feeding of 
Dermacentor.*® The “toxin ” may be injected up to the 6th day of feeding 
and apparently can be exhausted from the tick since ticks taken fro™ 
paralyzed patients may fail to produce paralysis in experimental animals. 

Histologically, tick paralysis is characterized by motor neuron damage, 
with lesions in the anterior horn cells of the spinal column. The “r'^enom 
of one species, Ixodes holocyclos, appears to be specific for the vagus center 
and synapses.*® The female, not the male tick bite, produces paralysis, 
the “toxin” perhaps being carried in the ova.*® Eollowing parenteral 
introduction of triturated tick egp, Rhipicepliahis sanguineus, Jlyahnima 
Scupense, BbopMhis caharaius, Rhipaccphalns bursa and Dcrmaccntor ander- 
so?ii, toxic symptoms develop in guinea pigs, rabbits and mice. 

The most striking characteristic of tick paralysis is the dramatic recov- 
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ery following removal of the tick. If the tick is removed before paralysis 
develops, symptoms may be mild and transient. The prompt reversal 
of the paralyzing process by removal of the tick suggests that the toxin 
might be an alkaloid.^'’ Although the nature of the etiologic agent is 
as yet unknown, tick paralysis is characterized by 2 phenomena common 
to other diseases of this group, neuron damage and reversibility. 

Diseases in Which the Chemical Nature of the Therapeutic Agent is 
Known. . Periodic Familial Paralysis. The whole picture of periodic 
familial paralysis, its epidemiology, pathogenesis, clinical manifestation, 
therapy and prevention is vividly included in the report of a single cased® 

“A young infantry officer, wounded late in 1943, was active and ambula- 
tory and expected to be evacuated to North Africa the next day for further 
treatment; however, in the morning he was unable to lift either leg or 
move feet or toes. The left forearm was in a cast. The left biceps con- 
tracture was stronger than the right. All other deep tendon, periosteal 
and superficial reflexes were absent. He was amused at the interest shown 
in his case and indifferent toward the paralysis, remarking, ‘ Several 
generations of my family have had this paralysis periodically and all I 
will need is some potassium chloride.’ He took a tablespoonful of the 
crystals and within an hour the deep tendon reflexes returned, the super- 
ficial ones, in an hour and one-half; in two hours he was up and very 
active. Now he is back in active service. 

“This officer over a period of years had many similar attacks of paralysis, 
some lasting for twenty-nine hours. His case had been diagnosed vari- 
ously' as ‘Hysteria,’ ‘Nothing TOong anywhere,’ ‘Physically O.K.; no 
treatment recommended.’ A non-military clinic, however, having made 
a ‘new diagnosis,’ the patient started taking potassium chloride. 

“In almost four years in the Army, he had been a corporal, sergeant, 
expert with pistol, M-1, ’03, LMG, grenade, bayonet, and in mine and 
demolition work. He had been wounded once before and has since been 
wounded a third time, promoted, and awarded the Bronze Star and the 
Silver Star. He carried a four-pound sack of potassium chloride in his 
bedding roll and quarter-pound sacks in his combat clothes but, when 
wounds brought him to the hospital, his potassium had been left behind. 
He has observed that when on high carbohydrate diet, more potassium 
chloride is required, more Avhen on B rations than when on C rations, 
and also more in summer. He carries two canteens of water to wash 
down the crystals of potassium chloride, taken ordinarily every two to 
nine days. Sometimes he goes for a month without any, taking it only 
when he feels himself ‘ stiffening up.’ 

“The patient’s father died in an attack of family periodic paralysis at 
the age of 37. He, too, realized the hereditary nature of his ailment. 
A chart compiled from data ‘ in the letters ’ shows that nine members in 
various generations in this family have been afflicted with this disease.” 

Myasthenia Gravis. As summarized by Viets,^'’® in a recent review of 
myasthenia gravis the formulation of the chemical mediation theory of 
the transmission of nerve impulses across a synapse by the peripheral 
release of a specific agent, first suggested by Otto LoewP® in 1921 to explain 
the actions of the autonomic nerves on their effector organs and later 
expanded by Dale, Feldberg and Vogt-® to account for a similar reaction 
at the end-plates of motor nerves to voluntary muscles; the discovery in 
1934-^1935 by WalkeF®® of the therapeutic effects of physostigmine and 
prostigmine (neostigmine) in alleviating the symptoms of myasthenia 
gravis, and the stimulation given by Blalock.^- whose removal of the 
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thymus in 1941 in cases of myasthenia gravis reopened the vhole contro- 
versial subject of the relation of the thymus to this disease. 

The "vagus substance” first suggested by Loewi was thought to be 
acetylcholine by Feldberg and Kxayer.^^ This was indeed proved to be 
the case by Dale/® and we know that acetylcholine is a necessary con- 
stituent at the synapse for the passage of the nervous impulse.’® Con- 
tinued development showed that an enzyme also was present, choline 
esterase, whose specific function it was to split acetylcholine by hydrolysis 
and thus prevent the continued transmission of a nerve impulse to an 
individual muscle. Choline esterase, moreover, was found widely dis- 
seminated in the blood and body tissue. It is this enzyme that is tempo- 
rarily inactivated by physostigmine and its closely related drug, neo- 
stigmine. The subject of chemical mediation is still a field of intensive 
investigation. 

Three other drugs are commonly used in the treatment of myasthenia 
gravis: ephedrine sulfate, potassium chloride and guanidine hydro- 
chloride. Ephedrine sulfate, known for many years as a valuable form 
of treatment, is a useful adjunct to neostigmine. Its effectiveness is about 
10 or 15 % of that of neostigmine. It is possible to maintain a few patients 
entirely on this drug if their symptoms are not very severe or if they are 
in a prolonged partial remission. Potassium chloride has a mild effect on 
the symptoms of myasthenia gravis in a small percentage of the patients. 
Guanidine hydrochloride has a considerable effect on the symptoms of 
myasthenia gravis.®® 

Following the work of Blalock, i® a number of patients have been sub- 
jected to thymectomy in recent years. Thymomas have been found in 
4 patients. Hyperplasia of the thymus was found in 3, and the thymus 
appeared normal, although persistent, in 8 other cases. Of the total 
group of 15 having thymectomy, some are now in their 2nd and 3rd year 
follomng operation. Two are considered as in complete remission, 2 more 
are distinctly improved, 3 are moderately improved, 1 slightly improved, 
and 3 have been operated on too recently to be evaluated. 

Thus in myasthenia gravis response to maintained drug therapy as well 
as its thymus relationships, suggests an inherent fault in the metabolic 
requirements for the "acetylcholine cycle.” 

Common Denominator. When a number of diseases, all distinguishable 
either etiologically, clinically, pathologically, or epidemiologically, are 
considered from a convergential rather than a differential point of view 
they are found to possess one feature in common. The etiologic agents 
in these diseases are diverse in nature, clinical manifestations are equally 
diverse and pathologic changes in various organs — tissues are distinguish- 
able in patterns representative of the particular disease. But all_ are 
characterized by motor cell damage. The likelihood that the mechanisms 
involved in the production of this common lesion are related is suggested 
by other features which numbers of these diseases exhibit. Many of 
these already have been indicated. Without attempting to assemble all 
the similarities here, attention may be called to' two characteristics which 
afford some idea of the character of the biochemical mechanism involved. 

Reversibility. That the reaction responsible for nerve cell dysfunction 
is reversible is strikingly shown in the prompt and startling recovery of 
tick paralysis upon removal of the tick; jn familial periodic paralysis in 
its response both therapeutically and prophylactically to the administra- 
tion of potassium chloride; the effect of potassium chloride and prostig- 
mine in myasthenia gravis and as well in a more or less general tendency 
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of other types of paralysis — notably virus infection — to improvement or 
recovery. A more striking example is the tendency of bulbar polio- 
myelitis with complete paralysis of the deglutitory apparatus to prompt 
and complete recovery. It is the rule in poliom^'^elitis for regression from 
the degree of paralysis at its height to take place. 

That neuron damage may be the result of infinitesimal biochemical 
changes affecting the enzyme systems of the cell, and that normal function 
may be restored by readjustment of the enzyme menstruum is illustrated 
by the experiments of Nachmansohn and John.’^ These authors found 
that certain oxidized amino acids, a-keto acids, pyruvic, a-keto glutaric, 
phenyl and oxj^phenyl pyruvic, inhibit the sjmthesis of acetylcholine by 
the enzyme choline acetylase. The addition of potassium and glutamic 
acid to an enzyme system inactivated in such a manner restored 50 to 
80 % of the activitj'", while the further addition of cyanide or the substitu- 
tion of cysteine for glutamic acid restored activity almost completely. 
U-tter, Werkman and Lipmann^®^ have recently shown that the phos- 
phoroclastic split of pyruvic acid into acetyl phosphate and formic acid, as 
initiated by enzymes derived from E. coli, is reversible. Lipmann®’ further 
reported that the transfer of phosphoryl groups between acetyl phosphate 
and the adenylic system is an enzymatic reaction, and is reversible. 

The effect of potassium on the phosphorylation of the adenylic system 
appears to be specific. Boger, Lardy and Phillips’^'^ found that although 
ammonium can replace potassium in vitro, substitution cannot be made 
in viro. On the other hand, the role of sodium in the transfer of phosphorus 
to the adenylic system may be related to the paralysis seen in acute 
nephritis.'®^ 

The effect of potassium on the metabolism of the cell is well illustrated 
in studies on the susceptibility of tobacco plants to infection with the virus 
of mosaic disease. Spencer®® found that while phosphorus was but 
indirectly related to susceptibility as it influenced growth, potassium 
exerted a much more direct effect, exerting an effect on susceptibility 
which was more than that associated with rate of growth. Small doses 
of potassium increased plant growth and susceptibility, while larger doses 
stimulated growth to some extent, but markedly decreased susceptibility 
to the virus. 

If one can consider the bacterial cell as a model, as did Lipmann®® in his 
analysis of the pyruvic acid oxidation system, interesting analogies — 
insofar as biologic inactivation and reversibility are concerned, can be 
drawn. The phenomenon of specific biocatalytic inhibition (perhaps 
analogous to the effect of tri-ortho-cresyl phosphate on the motor neuron) 
is becoming the basis of the more modern chemotherapy. The primary 
requisite of a chemotherapeutic agent is an affinity to the bacterial cell in 
preference to those of the host. Over and above this selectivity, the 
acidic and basic property of the bacterial cell makes for additional spec- 
ificity, viz., the selective action of most of the sulfonamides and penicillin 
for the gram-positive microorganisms. These chemotherapeutic agents 
in general exert their effect on a specific metabolic system of the bacterial 
cell. The principal effect of the sulfonamides, for instance, has been 
reported to be on some synthetic anabolic process.^®® On the other hand, 
while observations are far from complete, the effect of penicillin seems not 
to be an interruption of growth, but an inhibition of cell division.®® In 
either case, the reaction is reversible. Even when treated with quantities 
far in excess of that amount necessary for complete inhibition, these 
cheiRotherapeutic agents fail to cause rapid death of the bacterial cell. 
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The effect of the sulfonamides can be reversed by the addition of paru- 
amino-benzoic acid, that of penicillin by the addition of a substance, 
probably an enzyme, extracted from a variety of microorganisms, or in 
either case simply by removing the cell to an environment free of the 
inhibiting agent.”® 

Dubos,*® in a recent paper, refers to even more striking examples of 
reversibility: “One may consider, for example, the case of a suspension 
of staphylococci or of anthrax spores treated with mercury bieliloride; 
after being exposed for a few hours to the antiseptic these cells fail to 
grow when transferred to a new medium. If, however, the poisoned cul- 
ture is treated with hydrogen sulfide, the cells recover their viability ei’en 
though they have been exposed for seventy-two hours to 1 per cent mer- 
cury biehloride^^ ... A similar phenomenon is observed with a 
certain basic protein extracted from wheat germ which acts as a powerful 
antiseptic for j'-east and Lacfobacilhis casci. If after twenty-four hours’ 
exposure of these organisms to the toxic protein one adds to the system 
an adequate amount of a phosphatide, the cells recover their viability and 
groAv; jit appears that in this case the wheat protein forms a lipo-protein 
complex with the phospholipid and is thus dissociated from the inhibited 
microbial cell*” . . . One may, on the other hand, effect the equilib- 
rium b.v adding to the system a substance Avhich possesses great affinity 
for the anti-microbial agent (c. g., SH-compounds for arsenicals and 
mercurials, phospholipids for the wheat protein) and thus help in disso- 
ciating the antiseptic-bacteria complex. . . . There is, however, a 
type of inhibition of anti-microbial agents which is still poorly understood 
and deserves some mention at the present time. It has been observed 
that several types of phospholipids and a few other surface active sub- 
stances when added to a suspension of living cells are capable of protecting 
them against the lethal effect of the subsequent addition of many to.vic 
agents; it has already been seen that phospholipids can form inert com- 
plexes with certain toxic agents (wheat protein). It is likel.y that they 
can also exert a protective action by becoming adsorbed on the cell surface, 
perhaps at the very sites at which the toxic agents would otheiavise become 
adsorbed.”® 

It appears that the inactivation of a bacterial cell, with the consequent 
loss of one or more biologic activities (c. g., synthesis of a vital substance, 
respiration or reproduction) essential to normal cell function, can be 
brought about by the specific inhibition of a metabolic system, which 
frequently can be reversed by the biochemical adjustment of the cellular 
menstruum. It seems reasonable that the metabolism of a tissue cell can 
be interrupted and reversed in a similar manner. Indeed, Dubos-® could 
have been considering the effect of tri-ortho-cresyl phosphate on the 
motor neuron when he wrote: “It is obvious that many factors influence 
the selectivity of an anti-microbial agent: the acidic and basic properties 
of the cell under consideration, the nature and property of its membrane, 
its permeability, the relative importance for metabolism and viability of 
the specific biochemical systems affected by the antiseptic, the activity 
of the autolytic enzymes, and so on, are all attributes which bear a definite 
relation to susceptibility.” 

Interference. McKinney®® found that plants infected with tobacco 
mosaic virus were resistant to infection with a variant strain of the same 
virus. Plants often recover from infection to remain carriers of viable 
virus and are resistant to reinfection rvith the same or related viruses. 
Price®* who reviewed the literature on the acquired immunity of plants 
to viral diseases states, “Plants recover after an acute attack by produc- 



PHEVEXTIVE MEDICINE AND EPIDEIMIOLOGY 


415 


tion of shoots or leaves whieh appear healthy or show only mild symptoms 
of disease, which still harbor virus and which are refractory to infection 
with the virus in question, but not to infection with unrelated viruses 
. . . With respect to cross immunity, it has been shown with numer- 

ous groups of viruses that plant tissues invaded by one strain of a virus 
are protected from infection with another strain of the virus, but are 
susceptible to infection with unrelated viruses. The immunity appears 
to be closely associated with presence of virus in the immune tissues, since 
there is no evidence that virus free tissues of infected plants are immune. 
The cross immunity reaction has proved useful for differentiation and 
classification of plant viruses.” Thus it is clear that the resistance 
exhibited is not a question of cross-immunity, but is related to the presence 
of the first virus. 

Interference between animal viruses Avas first reported by Magrassi,®* 
Avho observed that rabbits treated with a non-encephalitogenic strain of 
herpes virus were resistant to subsequent injection of an encephalitogenic 
strain. Hoskins,^® the same year, reported similar interference between 
neurotropic and viscerotropic strains of yelloAV fever Aurus in monkeys. 
Findlay and MacCallum^* demonstrated similar interference betAveen the 
viruses of Rift Valley fex^er and yelloAV fex^er in monkeys. Similar inter- 
ference since has been demonstrated betAveen the Auruses of lymphocytic 
choriomeningitis and poliomyelitis,-* Virus III and Shope fibroma,"* dif- 
ferent strains of poliomyelitis virus^® and neurotropic and pneumotropic 
strains of influenza A virus.® These and similar studies haA’^e been re- 
vieAved in a recent report by Mudd.®® 

That interference is unrelated to the antigen-antibody phenomenon is 
reemphasized by recent studies by Ziegler and Horsfall**® on influenza 
virus in embryonated hen’s eggs. These authors reported that there Avas 
no eA'idence of antiA'iral substances in the embryos in Avhich interference 
betAveen influenza A'iruses had been demonstrated. Interference Avas pro- 
duced rapidly in the embryo, appearing as soon as 8 to 12 hours after 
inoculation. These authors concluded that the first Aurus inoculated 
interferes Avith the multiplication of the second, not by multiplication 
per sc nor by the action of one Aurus on the other, but probably resistance 
to the second Aurus is the result of a tissue alteration induced by the first 
A'irus. The observation**® that interference can be obtained Avith a large 
dose of Aurus in a shorter time than AA'ith smaller doses of the same Aurus 
suggests a quantitatiA^e relationship. That multiplication is not essential 
to the interference phenomenon is demonstrated bj”^ the studies of Ziegler, 
LaA’in and Horsfall,**® and Henle®® Avho shoAved that interference Avith 
active influenza Aurus likcAvise could be obtained Avith Aurus inactiA^ated 
by ultra-violet light. The failure of Aurus completely inactivated by 
heat to produce interference®®-**® suggests that a specific molecular con- 
figuration, AAdiich may be altered by heat, is essential to interference. 

Interference betAveen A’-arious types of bacteriophages actiA'e against the 
same strain of microorganism has been demonstrated by Delbriick and 
Luria,®® Luria and Delbriick,®® and Luria, Delbriick and Anderson.®® As 
hludd®® stated, “The lysis of bacteria by bacteriophage may, be considered, 
as a Aurus infection in Avhich the susceptible bacterial cell is the host and 
the bacterial virus or bacteriophage particle is the parasite. . . . In 

some instances at least the first step of this critical relationship, the 
adsorption of virus to host cell may be shoAvn to depend on a specific 
correspondence in chemical configuration between the virus and com- 
ponents of the host cell surface analogous to that betAveen antibody and 
cell surface antigen. . . . The first step in the action of bacteriophage 
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particles on susceptible bacterial cells is specific adsorption of the phage 
particle to the surface of the bacterial cell. This adsorption must depend 
on a lock to key correspondence between the pattern of certain molecular 
configurations on the surface of the bacterial cell and the pattern of con- 
figurations on the surface of the phage particle. The adsorption of phage 
to a specific receptor site on the bacterial cell is analogous to the combina- 
tion of antibody with antigen at the surface of the bacterial cell. Each 
depends on a specific surface configurational correspondence. ... In 
the work cited a beginning has been made in discovering the all important 
events that are involved in the parasitization of a host cell by an intra- 
cellular parasite. In the case of bacteriophagy at least it seems clear 
that the initial event is a specific adsorption of the phage particle to 
bacterial host cell, this combination, like that between' antigen and anti- 
body, being determined by specific configurational relationships. This 
adsorption of phage particle -is followed by profound alterations in the 
metabolic events which occur vdthin the parasitized cell. Some at least 
of the consequences have been detected; (1) The host cell may become 
altered in such a way as to make it refractory to super-infection with 
similar or competing virus particles ... (2) Multiplication , of the 

bacterial host cell may be arrested. ... (3) Multiplication of the virus 

within the host cell may occur without lysis (lysogenic strains). ... (4) 
Multiplication of the virus within the host cell followed bj" Ij'sis may occur. 
To what extent may the relationship of bacteriophage particles to their 
bacterial host cells be regarded as affording a clue to the relationship 
of virus particles to susceptible cells of higher animals and plants? Obvi- 
ously this question can fiow be answered in only the most tentative way.” 

Tliere is some evidence that the relation of the virus particle to the 
host cell may be analogous to that of the bacteriophage to the bacterial 
cell. “Lock and key” correspondence or specific molecular configuration 
is suggested by Hirst’s observation.'*^ that chicken erythrocytes to which 
influenza virus has been adsorbed and then eluted are no longer agglutin- 
able by the same or different types of virus. /More recentl}’’ Hirst, in a 
study of the adsorption of influenza virus on cells of the upper respiratory 
tract, states, “"^Miile the data are meager as yet, it is tempting to formulate 
a tentative hjqjothesis as to the possible mechanism of the early stages of 
influenza virus infection of the respiratory cell. It may not be sufficient 
merely for an inhaled virus particle to come in contact with any point on 
a susceptible cell, and it may be necessary for it to become attached to a 
specific receptor substance to gain entrance. Before the virus can infect, 
it may also have to alter or destroy this receptor substance by means of 
an enzjTne in order to pave the way for penetration and parasitism of that 
cell. Once the receptor substance is destroyed the virus becomes more 
firmly bound, parasitizes the cell, multiplies and again appears free in the 
lung, making possible spread of infection by contiguity. Since the close 
correlation has been demonstrated between the neutralizing and agglutina- 
tion-inhibiting power of various human sera, it may be that neutralization 
consists mainly of covering over that portion of the virus which ordinarily 
attaches itself to the receptor substance.” 

In seeking an explanation for the interference between murine and 
monkey strains of poliomyelitis Aurus, Jungeblut and Sanders***'®® state, 
“A ‘ blockade’ of susceptible cells by nonparalyzing murine virus might 
render these cells temporarily impregnable to an attack of paralyzing 
monkey Aurus because the orderly function of certain enzjTne systems, 
necessary for successful propagation of monkey virus, has conceiA^ably 
been disturbed by previous contact vi-ith murine Aurus.” 
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In this connection KunkeP^ reported an instance in which interference 
between tobacco mosaic viruses was of curative value early in the infection. 
As suggested by Ziegler and Horsfall,”® the reciprocal or reversible quan- 
titative nature of interference between two viruses indicate that the 
viruses involved may be in competition for a substance Avhich exists in 
the tissue in fixed amounts. Or perhaps the entry of the virus particle 
interrupts the physiology of the cell in such a manner as to inhibit the 
synthesis by the cell of a substance essential to the second virus. As 
pointed out by Mudd,®® “Increase in parasitic habit among bacteria is in ' 
general correlated with loss of metabolic independence, with dependence 
on growth accessory substances furnished by the host . . . Although 

the phenomenon of acquired cellular resistance to superinfection would 
appear to be a consequence of the fundamental mechanisms of reproduc- 
tion within their host cells of many animal, plant and bacterial viruses, 
interference does not occur in all instances of viral infection. Thus 
numerous cases are on record of the infection of individual cells by more 
than one virus, evidenced by the demonstration, for instance, of specific 
intranuclear and cytoplasmic inclusion bodies within the same cell. The 
ehanges consequent on the parasitization of a cell, in some but not all 
instances, therefore render that cell refractory to a second intracellular 
parasite. Although this acquired cellular resistance is a phenomenon 
separate from humoral immunity, the two phenomena may supplement 
each other in the total defense against an intracellular parasitic disease.” 

For example, the supposed immunity to superinfection in syphilis may 
be an interference phenomenon since resistance to re-infection seems to 
depend upon the presence of Treponema pallida. Brown and Pearce'® 
infected a number of rabbits, then “despirochetized ” some of them by 
treatment with arsphenamine after development of the primary chancre. 
Five days later all rabbits were successfully re-infected with the same 
strain of Treponema pallida. The treated animals developed chancres, 
the untreated animals did not. 

At this time it might be permissible to hypothesize an explanation for 
the interference phenomenon in terms of the exact data available. It 
seems significant that susceptibility to virus infection in such widely 
divergent types of cell as tobacco leaves,”' bacteria,®' and primate nerve 
cells'*® appears to be dependent on an active cyanide-sensitive (cytochrome- 
oxidase) respiratory system. It could be theorized then, that virus infec- 
tion produces the same end-result as does cyanide “poisoning” with similar 
reduction or inhibition of cytochrome-oxidase activity. Such an infected 
cell then would be resistant to re-infection with the second virus. Similar 
metabolic requirements of related viruses and divergent requirements for 
unrelated strains could be the explanation for the failure of unrelated 
viruses to interfere. Such an hypothesis is in accord with the views of 
Ziegler and Horsfall”® and Levaditi’s conception®' of the “macromolecular 
nature” of viruses — when a molecule of “nucleo-protein virus” modifies 
the metabolism of a cell, that cell is incapable of propagating “macro- 
molecular particles” of a different virus. 

To say that interference is a simple matter of preoccupation is doubtless 
an oversimplification of a far more complex biochemical phenomenon. 
There is an illustration of what is in a sense the reverse of interference in 
the preparation of one site for a more rapid development of vaccinia by 
previous inoeulation with vaccinia at another site. For example, von Pir- 
quet'® observed that daily successive vaccinations matured at the same 
time (between the 10th and 13th day), the incubation period for each 
vaccination being reduced by as many days as had elapsed from the time 
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of the first insertion. Vaccinations after the 14th day resulted in an 
immune reaction. 

That the mode of action of the %''arious etiologic agents— virus, meta- 
bolic or chemical— of the diseases discussed here is at least similar if not 
identical, is suggested by the similarit 3 ' of the resulting lesion. The 
results of Hirst's studies^^ on the failure of various strains of influenza 
virus to re-agglutinate eluted erj^throcytes suggests a similar cell surface 
reactivity and tissue susceptibility to different strains of the same virus. 
'As Ziegler, La^dn and Horsfall"® state, “Moreover, in all known instances 
of interference both viruses share at least a common tissue tropism, 
although evidence may be lacking that they actually'- infect identical cells. 
Despite these facts, it seems unwise to assume that reciprocal interference 
necessarilj’- indicates biologic relationship, since it maj’^ indicate merely that 
the viruses concerned are each capable of reacting -with a single theoretical 
receptor substance possessed by cells of the susceptible tissue. . . 
Consequentl 3 '', it appears reasonable to assume that reciprocal interference 
between the influenza viruses depends upon some portion of the virus 
particles capable of reacting with susceptible cells, possessed in common by 
influenza and swine influenza viruses.” 

Conclusion. Present knowledge b 3 '^ no means enables the formulation 
of the e.vact cause for the lesion which appears as a manifestation in a 
number of a group of diseases but it is believed that, if the biologic activity 
represented b 3 ' this lesion can be reduced to a single principle, progress 
will be made. 
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STUDIES ON STREPTOMYCIN IN MAN 
I. Absorption, Distribution, Excretion and Toxicity*! 

By Harold A. Zintel, M.D. 

Harrison F. Flippin, M.D. 

Anna C. Nichols 
jMahjorie M. Wiley 

AND 

j. E. Rhoads, M.D. 

PHILADELPHIA, PA. 

(From the Hospital of the University of Pennsylvania and the Harrison Department of 
Surgical Research, Schools of Medicine, University of Pennsylvania) 

Numerous clinical studies have shown that penicillin possesses 
remarkable activity against gram-positive bacteria but has no effect on 
the gram-negative bacilli as a group. Because penicillin is definitely- 
restricted in the range of its antibacterial activities, considerable 
interest is being focused on other chemotherapeutic agents. Among 
those of particular interest is the substance obtained from a certain 
strain of Actinomyces griseus called streptomycin. This substance, 
first described by Waksman,’^-" is characterized by limited toxicity to 
animals® and by high activity in against various gram-positive 

and gram-negative bacteria. 

As a necessary preliminary to the extensive use of this substance, 
certain studies were undertaken to determine the behavior of strepto- 
mycin in patients and to determine the possibility of toxic or side 
reactions. Two series of experiments, one dealing with the fate of a 
single dose and the other with the response to multiple doses, are 
reported in this paper. 

* The -work described in this paper was done nnder a contract, recommended by the 
Committee on Medical Researcli, between the Office of Scientific Research and Develop- 
ment and the University of Pennsylvania. 

t The Streptomycin was kindb' supplied to us by Merck & Co., Rahway, N. J. 
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Methods and Materials. Streptomycin concentration was determined by 
the plate cup method described by Stebbins and Robinson.® The fate of a 
single dose of streptomycin, administered by various routes was studied in 
20 patients who for the most part fell into no specific disease category and 
varied from healthy to seriously ill individuals. Continuous administration 
of streptomycin was studied in 18 patients suffering from a variety of diseases, 
including typhoid fever, Rocky Mountain spotted fever, brucellosis, ulcerative 
colitis, urinary tract infection and Salmonella oranienburg infection. When 
administered orally, the drug was dissolved in sterile water and mixed with 
milk. For continuous intravenous administration, streptomycin was given in 
in a continuous drip of 5 % glucose solution. When a large amount of strepto- 
mycin, such as 600,000 units, was given intravenously in a single dose, it was 
dissolved in 200 cc. of physiologic saline solution and administered over a 
period of 15 to 20 minutes. For intramuscular injection the streptomycin 
was dissolved in 1 % procain solution to a concentration of 40,000 or 100,000 
units of streptomycin per cc. of solution. 

All of the patients receiving streptomycin were followed closely for possible 
toxic reactions. In a subgroup of 10 patients, more extensive studies were 
undertaken to determine any possible detrimental effects upon the liver, 
kidney and the blood. 



Fig. 1. — Concentration of streptomycin in biood following the parenteral injection of 

600,000 units. 


Ikter^httent Parenteral Administration. Following the intra- 
venous injection of a single dose of 600,000 units of streptomycin, the 
drug concentration in the blood decreases at a more or less uniform rate 
for 6 hours (Fig. 1). Fifteen minutes after administration of the 
streptomycin, the average blood streptomycin level was 32.8 units. 
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At the end of 6 hours, a small amount of streptomycin, 4.9 units per cc., 
is still detectable in the blood in the majority of instances. 

lATien the same amount of streptomycin is administered as a single 
dose subcutaneously in 1 % procain solution, the maximum blood level 
is not attained until between 2 and 3 hours. The maximum strepto- 
mycin blood level attained following intramuscular injection was not 
so high as was obtained following the intravenous injection of 600,000 
units. If streptomycin is administered every 3 hours, an additive 
effect is obtained. In 1 patient who received 375,000 units every 

3 hours by intramuscular injection, or a total of 3,000,000 units every 
24 hours, the blood streptomycin levels after the 3rd day of adminis- 
tration usually varied between 20 and 60 units per cc. of blood. 

Continuous Intravenous Infusion. When 3,000,000 units of 
streptomycin in 3000 cc. of a 5% glucose solution were administered 
daily by the continuous intravenous infusion method, the blood strep- 
tomycin levels usually varied between 20 and 60 units of streptomycin 
per cc. of blood. The blood streptomycin level during the adminis- 
tration of 1,000,000 units of streptomycin by the continuous intra- 
venous or intramuscular methods varied between 10 and 20 units 
per cc. of blood. The rate of excretion of streptomycin in the urine 
was fairly uniform. In the average case two-thirds of the amount 
administered by continuous intravenous infusion was recovered in the 
urine. Approximately 2% was recovered in the feces. 

Oral Administration. Streptomycin was administered orally at 
the rate of 1,000,000 units per day to 6 patients. Most of the drug 
was recovered in the feces. The concentration of streptomycin in the 
feces increases rapidly during the first few days of treatment. After 

4 days of treatment, the stool concentration of streptomycin was 
usually between 1000 and 5000 units per gram of feces. One specimen 
from a patient who had received 1,000,000 units daih'- by mouth for 
6 days had a fecal concentration of 9000 units of streptomycin per gram 
of feces. Only occasionally was any streptomycin found in the blood, 
and then it was found in minimal amounts, namely 1 to 6 units per cc. 
of blood. Occasionally measurable levels of streptomycin were found 
in the urine following the oral administration of 1,000,000 units in 
4 cases. 

It is obvious that streptomycin passes through the gastro-intestinal 
wall with difficulty, since when given orally very little appears in the 
blood, and when administered intravenouslj'- only very small amounts 
of streptomycin are found in the gastro-intestinal tract. It would 
then seem appropriate to treat those infections in which the patho- 
genic organisms are found both in the gastro-intestinal tract and 
in the blood stream by the oral and parenteral routes. 

Excretion. Streptomycin when administered intravenously, sub- 
cutaneously or intramuscularly is excreted largely in the urine. Only 
about 2% of the drug was found in the feces. In 10 cases the urinarj’- 
excretion of streptomycin was followed for a period of 24 hours after 
the administration of a single intravenous dose of 600,000 units. 
From 29 to 89% of streptomycin was excreted in the urine in 24 hours 
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(Fig. 2). Tlie average 24 hour urine excretion was 66%. Except in 
those patients who had reduced renal function, the amount of strepto- 
mycin excreted varied proportionally to the urine volume. 

The highest urine concentration of the samples taken 3 hours after 
the injection of 600,000 units of streptomjmin was 520 units per cc. 
with an average level for all 10 cases of 353 units per cc. of urine. At 
the end of 24 hours, the average concentration was 16 units of strepto- 
mycin per cc. of urine. It would appear from the curves of the urine 
concentration and the urinary excretion of streptomjmin (Fig. 2) that 


Urms/cc.«rina often cases 



Fig. 2. — Urinary excretion of streptomycin foiion’ing a single intravenous dose of 

600,000 units. 


very little more streptora 3 ’cin would have been recovered if the studies 
had been carried on more than 24 hours. Therefore, since onl}' 2% 
of parenterally administered streptomj'cin is excreted in the feces, and 
onh' approximately 66% of the injected amount appears in the urine, 
it seems logical to presume that some of the streptomj-cin is retained 
or destroj’ed in the bodj'. As stated before, when the drug is admin- 
istered oralfjL the chief route of excretion is in the feces. 

Distribution of Streptomycin in Various Body Fluids. Periio- 
neal Fluid. Streptomj’cin appears in peritoneal fluid following both 
intravenous and intramuscular administration. Figure 3 shows the 
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rate of appearance of streptomycin in peritoneal fluid following the 
administration of a single intravenous dose of 600,000 units. Strepto- 
mycin first appeared in the peritoneal fluid i hour after the drug was 
administered, and thereafter the concentration of streptomycin in- 
creased while the blood streptomycin level was decreasing. This 
first patient had ascites secondary to cirrhosis of the liver. 



Eig. 3. — Diffusion of streptomycin into peritoneal fluid following a single intravenous 

injection of 600,000 units. 


Streptomycin, 125,000 units intramuscularly everj’^ 3rd hour, was 
administered to a second patient with ascites secondary to carcinoma- 
tosis. At the end of 24 hours, the peritoneal fluid level was 23 units 
per cc., and at the same time the blood level was 15 units per cc. 
When streptomycin is administered parenterally for longer than a 
few hours, the blood and peritoneal streptomycin levels are approxi- 
mately equal. Murphy and Ravdin® have shown that 'streptornycin 
enters the peritoneal cavity both in the normal animal and in animals 
with peritonitis. Often the peritoneal fluid streptomycin levels were 
as high or higher than the blood levels at the corresponding time. The 
results which they have obtained following the treatment of experi- 
mental peritonitis in animals with streptomycin have been good. 

Pleural Fluid. Three patients with pleural effusions were given 
streptomycin either by the intramuscular or intravenous routes, and 
then samples of blood and pleural fluid were obtained simultaneously 
for determination of their streptomycin content (see Table 1). Strep- 
tomycin was found in the pleural fluid of all patients tested. Fifteen 
minutes following a single intravenous injection of 600,000 units when 
the blood streptomycin content was 30 units per cc., no streptomycin 
was found in the pleural fluid. Two hours after the administration of the 
drug there were 6 units of streptomycin per cc. of pleural fluid. At 
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the same time a level of 15 units per cc. was found in the blood. When 
streptomycin was administered over 24 hours, higher pleural fluid 
concentrations were found. Two patients were given 125,000 units of 
streptomycin intramuscularly every 3 hours for 24 hours. At the end 
of the 24 hours, the concentrations found were 18 and 7 units per cc. 
of pleural fluid. The blood levels in these 2 patients at the time the 
pleural fluid samples were obtained were 15 and 20 units per cc. 
respectivel 3 L 

Table 1. — CoMPARrsoN or Blood and Pleural Fluid Streptomtcin Levels 


Time interval Pleural 

in minutes Blood level, .'fluid level, 


Pfltient Doso, units 

Route 

from last dose units per cc. 

units per cc. 

1 . . . 125,000 

every 3 hrs. 
for 8 doses 

I.M. 

120 

15 

18 

2 . . . 125,000 

every 3 hrs. 
for S doses 

r.M. 

90 

20 

7 

3 . . . 600,000 

single 
injection 

l.V. 

15 

30 

0 

3 . . . 600,000 

single 
injection 

. I V. 

120 

15 

6 

Bile. ' Following a single intravenous dose of 600,000 units of strepto- 


mycin, maximum bile levels varjdng between 3 and 7.5 units per cc. 
have been found, as is shown in Figure 4. At the time these bile speci- 
mens were obtained, the streptomj'-cin blood levels were 18 units per cc. 
in each patient. In 1 patient who received 125,000 units every 3 hours 
by intramuscular injection for 24 hours, the bile contained 10 units 
of streptomj'cin per cc. at the end of the 24 hour period. During the 
24 hours, the bile was collected bj'" means of a choledochostomj^ tube 
and constant suction. This method has been used in the past for 
total bile excretion studies. The 24 hour output of streptom.ycin in 
the bile in this patient was 3500 units. 

Table 2.— Cojiparison or Blood and''Cbrebbospinal Fluid Streptomycin Levels 


Patient 

N 

Total daily dose 
in units 

Duration of 
treatment 

Route 

Blood units, 
per cc. 

Cerebrospinal 
fluid units, 
per cc. 

1 . 

600,000 

2 hrs. 

l.V. 

6,0 

.0.0 

2 . 

single 
injection 
. 2,000,000 

5 days 

I.M. 

17.0 

1.0 

3 . 

. 3,000,000 

6 day.s 

I.M. 

27.0 

. 1.0 

4 . 

1,000,000 

24 hrs. 

I.M. 

13.0 

5.0 

5 . 

1,000,000 

24 hrs. 

l.V. 


25.0 


Cerebrospinal Fluid. Streptomjwin spinal fluid levels were deter- 
mined in 5 patients (Table 2). Four of these patients had no evidence 
of cerebrospinal disease. One of these normal patients (No. 1) was 
given a single intravenous injection of 600,000 units of streptomj^cin. 
Two hours later there was no streptomj'cin in the cerebrospinal fluid. 
The 3 remaining patients (Nos. 2, 3 and 4) with apparentlj^_ normal 
cerebrospinal sj'stems received from 1,000,000 to 3,000,000 units dailj’’ 
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by intermittent intramuscular injections. The levels obtained in these 
patients varied between 1 and 5 units per cc. of spinal fluid. One 
infant (No. 5) with Eemophilm infliienzse meningitis had a spinal fluid 
level of 25 units per cc. after having received 1,000,000 units over 
24 hours. The blood levels of the patients at the time the spinal fluid 
specimens were obtained are shown in Table 2. 


Comparison of iwo cases 




Fig. 4. — Excretion of streptomycin in the bile following a single intravenous injection 

of 600,000 units. 


Ocular Fluids. Leopold^” has demonstrated streptomycin in both 
the aqueous and vitreous humors of the eye following intravenous, 
intramuscular and local administration of streptomycin in animals. 
In 1 patient with glaucoma, 3 units of streptomycin were found per cc. 
of aqueous humor 30 minutes following the intravenous administration 
of 600,000 units of streptomycin. A blood specimen taken at the 
same time contained 40 units of streptomycin per cc. of blood. The 
secondary aqueous humor removed 3 hours later from the same eye 
contained 18 units of streptomycin per cc. of aqueous humor. 

Fetal Blood and Amniotic Fluid. Streptomycin does enter the fetal 
cord blood and the amniotic fluid. Several patients in labor at term 
were given 250,000 units of streptomycin either by the intramuscular 
or intravenous routes. Specimens of fetal cord blood, maternal blood 
and amniotic fluid were obtained at the time of deliver 3 ^ In 1 patient 
the streptomycin concentration was 8 units per cc. of maternal blood, 
9 units per cc. of cord blood and 7 units per cc. of amniotic fluid 2 hours 
after the intravenous injection of 250,000 units. This work will be 
reported by Woltz and his associates.*^ 
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Toxic Effects. Imviediate Effects. The immediate toxic effects 
have been headache, flushes, transient urticaria and fever. They have 
been of mild to moderate severity and can be avoided to a large extent 
by slowing the rate of administration. Local thrombophlebitis may 
occur after continuous intravenous administration. A single case • 
evidenced flushing of the skin, palpitation and severe throbbing head- 
ache when a second course of the drug was started 10 days after the 
first course was stopped. This same patient had no reactions whatso- 
ever when a more purified form of the drug was used. 

Effect of a Single Massive Dose of Sirej)tomycin on Liver Function. 
In 6 patients an attempt was made to determine whether or Dot there 
was any evidence of hepatic damage following the intravenous injection 
of 600,000 units of streptomycin in a single dose. Estimation of pos- 
sible liver damage was made by determinations oLthe prothrombin 
time; quantitative van den Bergh; total serum cholesterol; serum 
cholesterol— cholesterol ester ratio; hippuric acid conjugation, brom- 
sulphthalein excretion, cephalin flocculation, thymol turbidity and 
colloidal gold tests. In all 6 patients these determinations were made 
24 hours before a single test dose of 600,000 units of intravenous 
streptomycin, and the tests were repeated 24 hours after the adminis- 
tration of the streptomj'-cin. Exceptions v'ere in the case of the 
cephalin flocculation, th;^Tnol turbidity and colloidal gold tests which 
were not repeated until 48 hours after the streptomycin was given. 
The values obtained are shown in Table 3. 


Table 3.— Effect of the Intoavenods Injection of COO, 000 Units of Streptomycin 

. ON Liver Function 


Patient: 

1 

2 

3 

4 

5 

0 

Average 

Bromsulphtlialein retention, %; 

Before 

0 

0 

0 

10 

0 

10 


After 

0 

0 

0 

5 

0 

5 


Hippuric acid conjugation, gm, excr. : 

Before 

1 .0 

1.7 

.2.0 

2.1 

1.5 


1.77 

After 

1.4 

1.2 

1.6 

1.4 

1.6 


1.29 

Van den Bergh, mg. of bilirubin: 

Before 

0.6 

0.3 

0.7 

0.4 

0.5 

0.5 

0.33 

After 

0.5 

0.4 

0.4 

0.2 

0.4 

0.2 

0.35 

Cholesterol, mg. %: 

Before 

107 

171 

80 

138 

123 

150 

142 

After 

157 

155 

105 

182 

147 

101 

151 

Cholesterol in esterified form, %: 
Before 

58 

G5 

57 

59 

00 

56 

00 

After 

58 

61 

04 

73 

07 

57 

03 

Cephalin flocculation: 

Before 

Ncg. 

Neg. 

Neg. 

Neg. 

Ncg. 

Neg. 


After 

Neg. 

Ncg. 

Neg. 

Neg. 

Neg. 

Neg. 


Colloidal gold; 

Before 

Neg. 

Ncg. 

Neg. 

Neg. 

Ncg. 

Neg. 


After 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 


Th\Tnol turbidity: 

Before 

Neg. 

Ncg. 

Neg. 

Neg. 

Neg. 

Ncg. 


After 

Ncg. 

Ncg. 

Neg. 

Neg. 

Neg. 

Neg. 


Prothrombin, % of normal: 

Before 

80 

90 

05 

70 

75 

55 

77.5 

After 

80 

100 

75 

70 

05 

70 

81.7 


Two of the patients 'studied had liver damage prior to the adminis- 
tration of the test dose of streptomycin as judged by the bromsulph- 
thalein retention test. Neither of these 2 patients showed evidence 
of further liver damage after the administration of the streptomycin. 
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In fact both of the patients showed a slight decrease (ivhich was prob- 
ably insignificant) in the amount of bromsulphthalein which was re- 
tained after the test dose of streptomycin. The other liver tests per- 
formed were all within normal limits. 

Effect of a Massive Bose of Streptomycin on Renal Fiinction. Tests 
of renal function were made on 6 patients before and after the adminis- 
tration of 600,000 nnits of streptomycin in a single dose intravenously. 
Blood urea nitrogen, blood non-protein nitrogen and urea clearance 
tests were performed 24 hours before and were repeated 24 hours after 
the administration of the streptomycin. The results are shown in 
Table 4. Changes in the various values obtained were irregularly 
distributed between increases and decreases so that the averages of 
the figures obtained in the 6 patients were about the same before and 
after the administration of streptomycin. In addition, in 12 patients 
urinalyses were made at 3 hour intervals for a period of 24 hours fol- 
lowing the intravenous administration of 600,000 units of streptomycin. 
There was no evidence of renal damage as judged by the number of 
red blood cells, white blood cells, epithelial cells or casts in these 
examinations. v 

Table 4. — Effect op the Intravenous Injection of 600,000 Units of STBEPTOnn'ciN 

ON Renal Function 


Patient: 1 2 3 4 5 6 Average 

Urea clearance % of average normal: 

Before 44 ,. 107 66 90 76.7 

After 42.5 .. 63 78 93 69.1 

Blood urea nitrogen: 

Before 13.3 15 16 7 7 7 10.7 

After 10.8 9.5 9.8 9 8 8 9.2 

Non-protein nitrogen: 

Before 28 26 23 27 22 20 24.3 

After 26 23 25 25 23 25 24.5 


Effect of Sire.ptomycin on Blood. Platelet, white blood cell and 
differential white blood cell counts, as well as hemoglobin determina- 
tions, were made 24 hours before and 24 hours after the intravenous 
administration of a single dose of 600,000 units of streptomycin (see 


Table 6. — Effect of the Intravenous Administration of 600,000 Units of 
Streptomycin on the Blood 


Patient: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 Average 

Hemoglobin: 

Before . 

77 

97 

89 

82 

78 

80 

74 

97 

89 

93 

85.6 

After 

85 

96 

84 

74 

75 

69 

70 

95 

86 

88 

82 2 

White blood cell count : 

Before . 

8000 

9500 

9,300 

5000 

5500 

7000 

5400 

8700 

4000 

6000 

6840 

After 

7700 

5600 

14,200 

7400 

GCOO 

6000 

5800 

6400 

4000 

6200 

6990 

Neutrophils: 

Before . 

75 

81 

68 

56 

66 

68 

79 

72 

78 

74 

71.7 

After 

GO 

■ 70 

79 

78 

66 

66 

69 

81 

on 

75 

71.0 

Lymphocytes: 

Before . 

23 

16 

19 

64 

34 

32 

21 

26 

18 

2G 

27.9 

After 

36 

28 

13 

28 

28 

24 

30 

19 

34 

24 

26.4 

Eosinophils; 

Before . 

0 

1 

1 

0 

2 

0 

0 

0 

0 

0 

0.4 

After 

Basophils: 

0 

0 

2 

0 

6 

3 

0 

0 

0 

1 

1.2 

Before . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

After 

0 

0 

0 

0 

0 

0 

' 0 

0 

n 

n 

n 

Monocytes: 

Before . 

2 

2 

12 

0 

0 

0 

0 

0 

0 

0 

1.6 

After . . 

4 

2 

6 

4 

0 

7 

1 

0 

0 

0 

2.4 
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Table 5). The changes in tlie values obtained were variable, however, 
the average of the values obtained before and after the administration 
of streptomycin was not significantly different. There was no evi- 
dence of toxicit5'' as judged by these examinations of the blood picture. 

Summary. 1. The blood level of streptomycin following single intra- 
venous injections is better maintained than in the case of penicillin.'" 
Detectable amounts were usually present for 6 hours as compared with 
2^ to 3 hours in the case of penicillin even when the intramuscular 
route was used for the latter drug. 

2. The principal route of excretion for streptomycin after parenteral 
injection appears to be the urinary tract. 

3. Following parenteral injection, the drug is distributed tliroughout 
most body fluids: blood, urine, ascitic fluid, pleural fluid, aqueous 
humor, vitreous humor, amniotic fluid and bile. Small amounts of 
the drug appeared in the spinal fluid in healthj^ individuals, but in a 
single case of IJemopMlm w/i/anza? meningitis the spinal fluid contained 
25 units per cc. 

4. Relatively little transfer of streptomycin occurs between the blood 
and the lumen of the gastro-intestinal tract in either direction. 

5. Following oral administration, levels as high as 9000 units per gm. 
were found in the feces. 

6. Owing to the poor transfer of the drug across the walls of the ali- 
mentary tract, it wmuld seem appropriate to use the drug both orally 
and'parenterally in the treatment of infections such as those in which 
the pathogenic organisms are found both in the gastro-intestinal tract 
and in the blood stream. 

7. Early side reactions have not been alarming, and no late toxic 
effects have so far 'been observed. Additional studies are in progress. 
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CASE OF STREPTOCOCCUS VIRIDANS PNEUMONIA 
SUCCESSFULLY TREATED WITH PENICILLIN 

By Major Saul Solomon, M.C., A.U.S. 

HQS. ETO, CARE OF OFFICE OF CHIEF SURGEON, A.P.O. 887 , NEW YORK 

The introduction of new remedies is ordinarily followed by numerous 
articles dealing with their clinical application, and untU sufficient data 
have been collected, critical reports of individual cases are of value. 
This is particularly true when the subject is a rare disease with a high 
mortality rate, since it is unlikely that any one investigator would 
have the opportunity to treat a large number of cases. The present 
report concerns a patient who suffered from pneumonia due to Strepto- 
coccus viridans {S. alpha). He was critically ill and had consolidation 
of both lower lobes. After an unsuccessful trial of therapy with 
sulfadiazine, penicillin was employed, and the patient made a complete 
recovery. 

Pneumonia due to S. viridans is an uncommon disease, and one which 
is even less commonly diagnosed. It is most often confused with 
primary atypical (viroid) pneumonia of undetermined or of virus 
origin. It is characterized usually by a prolonged severe course with 
a high mortality rate. Four of the 5 cases reported in a previous 
article^ died. The lesion is usually lobar with a tendency to spread to 
involve more than 1 lobe. A prominent symptom is severe pleural 
pain. The sputum is thick and mucoid or mucopurulent. The 
“prune-juice” sputum seen in pneumococcic pneumonia is never 
observed, and bloody sputum is rare. Leukocytosis may or may not 
be present. Bacteremia is quite common but does not affect the 
prognosis. The usual rapid method of sputum typing by the capsule- 
swelling phenomenon will fail to disclose the S. viridans. Sputum 
culture on blood agar plates is essential for its isolation. Mouse 
inoculation followed by plating of the peritoneal exudate of the mouse 
is also a satisfactory method. The bile solubility test should be per- 
formed to differentiate pneumococcic from streptococcic colonies, since 
only the former are bile-soluble. In the cases previously described,^ 
the S. viridans was cultured from the blood or the chest fluid as well 
as the sputum. In the present instance the blood was sterile, and no 
pleural exudate was noted. However, the clinical picture taken in 
conjunction with the finding of S. viridans in the sputum in pure cul- 
ture on several occasions, was sufficiently convincing to warrant the 
diagnosis of S. viridans pneumonia. 

The failure to respond to sulfonamides corresponds with our previous 
experience with this disease. It is interesting to note that the response 
of the fever to penicillin was not immediate, though the general condi- 
tion improved in 24 hours. The temperature fell by lysis 4 days 
after this treatment was started. This gradual response to treatment 
has been reported in pneumonia and other conditions treated with 
penicillin. The positive results in this case agree with the in vitro 
activity of penicillin against the S. viridans reported by Dawson and 
Hobby.2 
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Spread of the pneumonia to involve a fresh lobe during the course 
of therapy was noted in this case, though it seems likely that this new 
process was already under way when treatment with penicillin was 
initiated. The only untoward reactions were a chill soon after the 
administration of the initial (intravenous) dose of penicillin, and an 
urticarial rash which appeared after 7 days of treatment. 

The following is the abstract of the case giving the details of the 
clinical course and the therapy: 

Case Abstract. A 31 year old medical officer was admitted to a general 
hospital on Oct. 9, 1943. His illness began on Oct. 5 with fever, cough and 
general malaise. He continued at work until Oct. 8 when he noticed occa- 
sional chills, and his temperature rose to 102.4° F. 



On admission the temperature was 101° F. (see Fig. 1), and the pharynx 
was mildly injected. The lungs were normal. The rest of the examination 
was negative. The admission diagnosis was upper respiratory infection. 
The white blood cells numbered 5500 (57% neutrophils, 36% lymphocytes, 
4% monocytes, 2% eosinophils and 1% basophils). The sputum was gray- 
brown, mucopurulent, and showed numerous pus cells and gram-positive cocci 
in chains. No pneumococci were found. Culture on blood-agar plates showed 
Streptococcus viridans in pure culture. The organisms were not bile-soluble. 
A mouse was inoculated with the sputum and survived. Roentgen ray of the 
chest taken on Oct. 9 was negative. On Oct. 10 the patient had pleuritic 
pain in the right chest and there was diminished resonance and ' diminished 
breath sounds at the right base. Roentgen ra}"" (Fig. 2) showed a patchy 
infiltration at the right base. Sulfadiazine therapy was started on Oct. 10, 
the patient receiving 2 gm. orally at 1 p.m. and 1 gm. every 4 hours thereafter. 
Despite the fact that adequate blood levels were obtained (8 to 9 mg. per 
100 cc .) , the patient did not respond well. The temperature remained between 
103° and 104° F. He was dyspneic and complained of severe pleuritic pain 
on the right side. He was placed in an o.xygen tent on Oct. 11. By this 
time the classic signs of consolidation in the right lower lobe were present, 
namely dulness, bronchial breathing and a few rales. The sputum was thick, 
green and mucopurulent. Culture on blood agar again revealed S. viridans. 
Several samples of the sputum showed no tubercle bacilli. Blood cultures 
were sterile. The white count on Oct. 13 was 5800 (72% neutrophils, 27% 
lymphocjdes, 1 % eosinophils). Another mouse was inoculated intraperitone- 
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ally with the sputum, and examination of the peritoneal exudate showed 
S. viridans in pure culture. The organisms, as before, were not bile-soluble. 
Sputum culture on Oct. 15 showed S. viridans as the predominant organism 
with a few colonies of Staph, albus. A Roentgen ray taken on Oct. 13 (Fig. 3) 
showed increased consohdation at the right base. There were physical and 
roentgenologic signs of congestion at the left base as well. 



Eig. 2. — Roentgenogram Oot. 10 showing patchy infiltration of right base. 



Fig. 3. — Roentgenogram Oct. 13 showing increase in consolidation of right lower lobe 
and early involvement of left lower lobe. 


In view of the fact that the patient did not show any improvement after 
72 hours of chemotherapy, sulfadiazine was discontinued and penicillin therapy 
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was begun. On Oct. 13 be was given 25,000 units of the drag intravenously 
and 25,000 units intramuscularly. There was no immediate reaction but 
about 30_min. later he had a severe chill and sinus tachycardia which subsided 



Fig. 4. — Roentgenogram of Oct. 16 demonstrating consolidation of both lower lobes. 



Fig. 5. — Roentgen ray Nov. 6. The pneumonia has resolved completely. 


following the use of adrenalin and external heat. Thereafter the dosage of 
penicillin was 15,000 units dissolved in 3 cc. of distilled water given intra- 
muscularly every 3 hours, 8 times a day. This was continued until Oct. 18. 
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The patient received a total of 690,000 units intramuscularly and 25,000 units 
intravenously. The response was gradual, the temperature coming down by 
lysis by Oct. 18 (see Fig., 1). There Avere no untoward reactions to the penic- 
illin except that on Oct. 19 it was noted that he had an itchy urticarial rash 
on the face and neck which disappeared in 24 hours. Although the tempera- 
ture was only slightly elevated, the patient nevertheless felt exhausted, had 
severe chest pain and cough. It was noted on Oct. 16 that there were signs 
of consolidation in the left lower lobe. This was confirmed by Roentgen ray 
(Fig. 4). A blood count on Oct. 19 showed 12,000 white blood cells (73% 
neutrophils, 24% lymphocytes, 3% monocytes). On Oct. 20 culture of the 
sputum still showed S. viridans as the predominant organism, with a few 
colonies of Staph, albus. The patient made a slow but uneventful convales- 
cence. Roentgen ray on Nov. 6 (Fig. 5) showed complete clearing of the 
lesion. After a fortnight’s sick leave he returned to full duty. 

Summary. This report concerns a case of S. viridans pneumonia, an 
uncommon disease with a high mortality rate, which does not respond 
to sulfonamides. The patient was treated unsuccessfully with sulfa- 
diazine for 72 hours, following which penicillin was employed. He 
responded well and made a complete recovery. It is essential for the 
diagnosis of cases of this sort to culture the sputum of atypical pneu- 
monias on blood agar plates. Once the diagnosis has been made, it is 
my experience that sulfonamides are not effective. Penicillin appears 
to be deserving of further trial. 
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OBSERVATIONS ON THE CONTINUOUS INTRAMUSCULAR 
METHOD OF ADMINISTERING PENICILLIN* 

, By Harold L. Hirsh, M.D. 

AND 

Harry F. Dowxing, M.D. 

WASHINGTON, D. C. 

(From the George Washington Medical Diinsion, Gallinger Municipal Hospital, and the 
Department of Medicine, George Washington University) 

Penicillin is now^ recognized as being highly efficacious in a variety 
of infections. The problem of how best to administer it, however, re- 
mains unsettled. When it is given orallj'^ or by rectal instillation, 
only very minimal amounts enter the blood stream. Repeated intra- 
venous, intramuscular, or subcutaneous injections have been used. 
RTien penicillin is injected into the vein, a high blood concentration 
is immediately attained but, due to the rapid elimination of penicillin 
by the kidneys, the level in the blood drops rapidty, usually being 
below detectable levels in less than 2 hours, as shown by Rammelkamp 
and Keefer.^® The same authors found that after subcutaneous 

* We wish to thank Miss C. Barbara O'Neil and Miss Ruth L. Mayer for technical 
assistance. 
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injection absorption was slow and irregular, Fleming,® and also 
Cooke and Goldring, ^ have recently stated that absorption from a 
subcutaneous site compares favorably with 'that following intra- 
muscular injections. This method has not .yet had wide trial. Further- 
more, concentrated solutions of penicillin maj’- be irritating when 
given subcutaneously. The method of intermittent injections at 
intervals of 2, 3, or 4 hours is the most widely used metliod at the 
present time, because by this route penicillin can be given simply and 
fairly adequate blood concentrations can be attained. 

When high blood concentrations are required intravenous instilla- 
tion by means of a “continuous drip” apparatus has been used very 
successfully. Herrell® stated that one-half the amount of penicillin 
is required to maintain the same serum level b 3 ^ this method as by 
repeated intramuscular injections. This metliod, however, requires 
that the patient possess suitable I'eins, necessitates immobilization of 
the patient and frequentlj’- results in phlebothrombosis. Rantz and 
Kirb.y^^ on administering penicillin subcutaneouslj’^ obtained plasma 
levels about 50% as high as bj"- intravenous administration. Others® 
have found this method of administration irregular, variable and 
uncertain. For these reasons, when the method of constant intra- 
muscular administration was advocated by Harris,^ bj"- Morgan and 
his associates' and otliers® ^vo began to use it immediatel.y, and up to 
the present time have emploj^ed it in 110 patients. Because this 
method has worked so well in our hands we are reporting the concen- 
trations of penicillin attained in the blood of the patients we have 
studied in comparison with those achieved bj’^ other methods. 

Material and Methods. The patients studied were under treatment for a 
variety of infections. Although some of the blood specimens were obtained 
during febrile periods and others when there was no fever, we have found no 
correlation between the patient’s temperature and the absorption of penicillin, 
and have accordingly made no differentiation in this regard. Our procedure 
has been to calculate the amount of sodium penicillin required for each 12-hour 
period and to dissolve this in 500 or 1000 cc. of isotonic salt solution. This 
was placed in the flask connected with a Murphy drip apparatus to which a 
2-inch, 18 or 20 gauge needle was attached. The needle was inserted into the 
lateral aspect of the thigh or into the gluteal muscles and the solution allowed 
to flow in at a constant rate over the course of 12 hours. When 1000 cc. of solu- 
tion were used for a 12-hour period, the proper rate of flow was usually 30 ot 
40 drops per minute. At the end of the 12-hour period the flask was refilled 
with freshly made penicillin solution. If a point was reached where the fluid 
was not being absorbed from the muscles, the needle was changed to the other 
extremity or from the thigh to the buttocks or vice versa. Usually the whole 
setup was changed at the time the needle was reinserted. Such changes were 
never required more often than every 24 hours, and frequentb’^ were not neces- 
sar 3 '^ for intervals of 48 or 96 hours. Twenty-five cubic centimeters of 1% 
procaine were added to each liter of solution when necessarj' to relieve pain 
and discomfort. Constant intravenous administration, when used, was also 
given by use of the ]Murph 3 ’- drip apparatus. 

Penicillin administered b 3 ’^ intermittent intramuscular injection was dis- 
solved so that each cc. of saline contained 10,000 units of penicillin. The 
injections were made into the deltoid, thigh or gluteal muscles using a 2§--inch, 
is' or 20 gauge needle. There was no apparent difference in blood levels regard- 
less of the site of injection. The length of the needle was important, no 
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penicillin being detectable in the blood stream in the case of one patient 
when a 1-inch, 26 gauge needle was used for the injection. 

Blood serum was obtained from the patients treated by the continuous 
method at intervals during the period of administration, and for 2 hours 
after treatment was stopped. From the patients receiving multiple individual 
injections, blood specimens for penicillin determination were obtained at 
hourly intervals following three consecutive injections and also at other scat- 
tered intervals. Penicillin determinations were done by the method of Ram- 
melkamp.® 

Results. Table 1 shows the blood concentrations attained in 
patients treated by means of the “intramuscular drip” method, when 

100.000 units were given during a 12-hour period. The levels remained 
fairly constant after the first hour, varying in most instances from 
0.078 to 0.312 Oxford units per cc. Occasionally the concentration ^ 
went as high as 2.5 and as low as 0.0195 units per cc. It will be noted 
that the method was varied in several diflferent ways. In some patients 
the injections were given in the thigh muscles, and in others in the 
glutei. The 24-hour dose of penicillin was dissolved in 1000 cc. of 
isotonic salt solution in some instances, and in 2000 cc. in others. In 
some cases, neosjmephrin was administered along with the penicillin. 
No appreciable differences were observed in the blood penicillin con- 
centrations as a result of any of these procedures. The addition of 
25 cc. of 1% procaine to each liter of solution' to relieve pain and 
discomfort likewise caused no alteration in blood levels. 

Table 2 shows the frequency with which various blood concentra- 
tions were achieved by the continuous intramuscular injection of 

200.000 units over a 24-hour period as compared with those attained 
at varying intervals after single intramuscular injections. It is obvious 
that administration of penicillin by a series of single injections will not 
maintain levels as high as when the drug is given by continuous 
injection. When injections of 25,000 units every 3 hours or 20,000 
units every 2 hours were given, (200,000 to 240,000 units for a 24-hour 
period), the median blood penicillin concentration 1 hour after each in- 
jection, was not as high as was the continuous level when only 200,000 
units were given over a 24-hour period by the continuous method. 
The blood penicillin levels 2 and 3 hours after a single injection were" 
considerably lower, and often the amount of penicillin present was 
undetectable by the method used. A concentration of 0.039 units of 
penicillin per cc. has proved efficacious against most infections sus- 
ceptible to penicillin.!'’ Using this level as a criterion, we found that 
in 3 patients who were given 25,000 units of penicillin by intramuscular 
injection every 3 hours, an adequate concentration of penicillin was 
present in 16, or 80% of 20 determinations. In 9 patients who were 
given 20,000 units every 2 hours, a level of 0.039 units per cc. or above 
was found in 51 (67%) of 76 determinations. Following the adminis- 
tration of 15,000 units of penicillin every 2 hours, this same level was 
obtained. in only 29, (63%), out of 46 determinations. There were 
25 patients who received 200,000 units of penicillin by continuous 
intramuscular injections. IWien the blood was examined at various 
intervals during the 24-hour period, tliese therapeutically effective 
levels were achieved in 142 (96%) of 152 determinations. 



Table 1. — Sebum Penicillin Concentbations Obtained in Patients Receiving Penicillin by the Continuous Intbamusculab Method 

(200,000 Units of Penicillin Administered in 24 Hours) 

Amount of 
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Table 2. — Compabison op Penicillin Concenthations Obtained in the Blood Serum Following Intermittent and Continuous 

Intramuscular Administration 

200,000 units penicillin in 1000 cc. and 2000 cc. isotonic saline in 24 hours* by constant 
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Figure 1 compares the median'concentrations in the serum of patients 
receiving 200,000 units of penicillin in 24 hours by the continuous intra- 
muscular drip with those receiving 20,000 units every 2 hours by, 
repeated intramuscular -injection (or 240,000 units in a 24-hour period). 
For patients receiving the continuous intramuscular drip, the median 
serum concentration rose to 0.078 units per cc. at the end of 1 hour. 
It remained at this level for the next 2 hours, rising to a level of 0.156 
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units per cc. for the remainder of the 24-hour period. The serum 
level fell to zero within 2 hours after administration was discontinued. 
This is in marked contrast to the fluctuating median serum levels 
obtained with doses of 20,000 units every 2 hours. With this method 
the levels fell from 0.039 or 0.078 units per cc. at the end of 1 hour 
to zero at the end of 2 hours. The concentrations were determined 
over a consecutive 6-hour period. 

Among the 110 patients to whom we have administered penicillin 
by the continuous intramuscular method, only 6 complained of mild 
or moderate discomfort. In 2 of these subjects the pain did not appear 
until they had received penicillin in one site for several days. When pain 
at the site of administration did occur, 25 cc. of 1 % procaine hydro- 
chloride was added to each liter of solution. This produced prompt 
and complete relief, so that we were able to continue penicillin admin- 
istration at the same site as long as treatment was needed, even if this 
required several additional days. When we added procaine to a 
penicillin solution in vitro, we found that the procaine did not affect 
the antibacterial activity of the penicillin. Fnrthermore, the anti- 
bacterial activity of serum from patients receiving penicillin together 
with procaine was no different from the activity of serum from patients 
receiving penicillin alone. 

Discussion. We are of the opinion that continuous intramuscular 
injection is the method of choice for the parenteral administration of 
penicillin. In a series of 110 cases, we have observed no deleterious 
effects, except for moderate pain and tenderness at the site of injection 
in 6 patients. Twenty-five cubic centimeters of 1 % procaine added to 
the solution afforded relief from these discomforts. McAdam and 
his associates® and otliers®-^^ obviate this difficulty by using only 100 
to 600 cc. in a 24-hoiu' period, employing a special apparatus for the 
administration of these small volumes. 

We have found that when the 24-hour dose of penicillin is given in 
2 liters of fluid, continuous observation is not necessary in order to 
insure an even rate of flow, and that pain at the site of injection seldom 
occurs, especially if the needle is changed to another site every 24 to 96 
hours. Thighs, and buttocks are both available for these shifts, since 
we have found that there is no difference in the concentration of 
penicillin in the serum administered in either of these sites. When a 
patient does develop pain at the site of injection, the simplest pro- 
cedure is to add procaine to the solution being administered. This 
relieves the pain and does not affect the activity of the penicillin. 

The obvious advantages of continuous over intermittent intra- 
muscular administration are the achievement of higher continuous 
serum levels and the elimination of the pain of repeated injections. 
We have shown that when 8333 units of penicillin are given per hour 
by the continuous intramuscular method, 96% of the blood penicillin 
concentrations were therapeutically effective, whereas with intra- 
muscular injections of 25,000 units every 3 hours, only 80% of the 
concentrations obtained were therapeutically effective. The cor- 
respondmg figures for the injection of 20,000 and 15,000 units every 
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2 hours are 67 and 63% respectively. hlcAdam made similar observa- 
tions expressing his results slightly differently. He® has shown that 
6 times as much penicillin is required to maintain a bactericidal level 
when the drug is given at intervals of 4 hours than wlien it is given 
by continuous intramuscular administration; 3 times as much penicillin 
is required when the interval is 3 hours; and at least 1| times as much 
when the interval is 2 hours. Much nursing time is saved by elim- 
inating the necessity of preparing each penicillin injection. The patient 
can be allowed almost complete freedom, including bathroom privileges, 
while receiving the continuous intramuscular drip. 

When compared to continuous intravenous administration, the con- 
tinuous intramuscular method appears superior, obviating the need for 
good veins, eliminating trauma to the veins and the occurrence of 
phlebothrombosis. In our hands, similar concentrations in the blood 
serum were obtained by the continuous intramuscular method when 
only one-half as much penicillin was used as in the continuous intra- 
venous method. Dawson and Hunter^ have obtained higher serum 
levels with the continuous intramuscular than with the continuous 
intravenous method of administration of tlie drug. 

Summary and Conclusions. 1. When penicillin is administered at the 
rate of 200,000 units in 24 liours (8333 units per hour) by the contin- 
uous intramuscular method, the concentration of penicillin in the 
blood remains constant and at therapeutically effective levels 96% 
of tlie time; whereas, with injections of 25,000 units every 3 hours, 
similar concentrations are obtained only 80% of the time. The cor- 
responding figures for the injection of 20,000 and 15,000 units every 
2 hours are 67 and 63 %, respectively. 

2. There were no deleterious effects or complications in a series of 
110 patients in whom this method was employed, except for mild to 
moderate pain or discomfort at the site of injection in 6 patients. Pain 
was usually prevented by changing the location of the needle every 
24 to 96 hours. When it did occur, it was relieved promptly and 
completely by the addition of procaine to the penicillin solution. 

3. With this method, repeated painful intramuscular or intravenous 
injections are avoided. The veins of the body are not traumatized 
and phlebothrombosis is eliminated. The patient has almost complete 
freedom of activity. 

4. The continuous intramuscular drip method is the method of 
choice for the administration of penicillin to very ill patients who 
require continuously high concentrations of the drug in the blood. 
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The literature on the use of the electrocardiograph on small labora- 
tory animals, such as mice and rats, is extremely sparse. 

Agduhr and Stenstrom' iuY^estigated electrocardiographic changes in 
mice after cod-liver oil treatment. A string galvanometer built for 
human use with a string speed of 0.01 second Yvas used in this work. 
Small zinc plates, amalgamated with mercury and wrapped in cotton 
soaked in physiologic NaCl solution were used as electrodes. The 
standardization was 1 mv. per centimeter. An attempt was made to 
establish the normal mouse electrocardiogram using a small number 
of animals. The average heart rate yy'rs found to be 560 per minute 
Yvith a conduction time varying between 0.025 and 0.045 second. The 
authors also stated that arrhythmias and extremely low deflections 
in Lead 1 ivere commonly found, and that there were changes in the 
electrical axis of the same animal on repeated examinations. 

The most characteristic statement concerning the findings of Agduhr 
and Stenstrom, indicating the inadequacy of the apparatus used, is, 
“A feature generally met with in the electrocardiograph of mice is 
that the summits of the T waves can almost never be discovered, 
which seems noteworthy inasmuch as the other deflections are some- 
times nearly as large as those of the human electrocardiogram. In- 
stead of an independent T summit, there appears however, with great 

* This report contains material accepted in partial fulfilment of the requirements for 
the degree of Master of Science, New York University. 
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consistency, terminating the QRS complex, a slow return of the string 
to the isoelectric line ...” 

Weiss, Haynes, and Zolh^ studied electrocardiographic changes in 
vitamin deficient rats and in 7 normal rats. The main deflections 
were found to be upright in all leads with extremely low deflections 
in Lead 1. The average voltage of the main, deflection in Lead 2 
(Rs) was stated to vary between 0.8 and 0,2 mv. TJje a^'^erage heigJjt 
of T 2 ranged from 0.25 to 0.05 mv. The statement characteristic of 
the inadequacy of the galvanometer used in this investigation is, that 
the origin of all T waves was found to be elevated. This fact is also 
amply illustrated by graphs shown by the authors. 

Griffith® in his textbook simplj'^ stated that electrocardiograms can 
be, taken in rats by means of a string galvanometer and needle elec- 
trodes, and showed a graph of Lead 2. 

Rappaport and Rappaport^® pointed out for the first time, the com- 
plete inability of string galvanometers alone, and also commercial 
amplifier electrocardiographs, to register correctly the electrocardio- 
graphic pattern of an 5 ' animal with a heart rate essentially higher than 
that of man. The slow string speed or the high inertia of the mirror 
galvanometer used causes superimposition of deflections with conse- 
quent graphic distortion. In order to overcome these difficulties, the 
authors recommended the use of a resistance coupled amplifier in 
conjunction with a string galvanometer with high vibration speed. 

The primary purposes of this investigation are to establish, with the 
use of this recently recommended equipment, first, an average pattern 
of an electrocardiogram for the normal rat; and secondly, to study 
such electrocardiographic changes which may be produced by thy- 
roidectomy and compare them with changes following treatment with 
thiourea. 

Material and Methods. In order to establish an average electrocardio- 
graphic pattern, 24 male and 26 female hooded albino rats were used. Their 
weights ranged from 107 to 360 gm. Out of these 50 rats, 8 were thyroidectom- 
ized and 8 were subjected to 1% thiourea in drinking water. The electro- 
cardiograms of the thyroidectomized animals were repeated after 1 month, 
as were those of the thiourea treated animals after 3 weeks. Also used in this 
study were 2 male rats which had been thyroidectomized 6 months previously.* 

For the purpose of electrocardiography, all animals were anesthetized with 
intraperitoneal injections of 30 mg. of nembutal per kg. of body weight, and 
subsequently permitted to rest for at least 15 minutes. The recording instru- 
ment used was a commercial string galvanometer electrocardiograph together 
with the electronic amplifier (Fig. 1) recommended by Rappaport and Rap- 
paport.'^t 

IJecause of alternating current interference it was necessary to place the 
animal into a wire cage, grounded together with amplifier and galvanometer. 
To reduce intei'ference further, a 0.1 mfd condenser was placed into the main 
ground wire through which the three parts of the apparatus were then grounded. 
The 3 lead wires of the amplifier were then connected to the animal by thrust- 
ing 26-gauge hypodermic needles attached to these wires, beneath the skin 
of the left and right foreleg and left hindleg for a distance of 1 cm. In order 

* Supplied by Dr. A. S. Gordon. 

t Acknowledgment with thanks is hereby made to the Flushing Hospital for use of 
the electrocardiograph. 
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to reduce further any disturbing AC interference, it was essential the 

fur of the legs -with electrode jelly before applying the electrodes. Through 
this procedure, the electrode-skin resistance was reduced, thereby ehnunating 
another possible pick-up of extraneous currents. 



Fig. 1. — Electrocardiograph with electronic amplifier in position for use. 



Fig. 2. — Electrocardiogram taken with low (L) and high (H) string speeds 
respectively (Lead 2). 

The standardization used in this investigation was 20 mm. per millivolt. 
The recording speed was 75 mm. per second, i. e., 3 times normal speed. 

In order to demonstrate the difference in appearance in a rat electrocardio- 
gram taken with low and high string speed. Figure 2 is shown. 

Both graphs were taken in Lead 2 position on the same animal. The upper 
one was recorded bj’’ means of a commercial string galvanometer electrocardio- 
graph. This graph shows clearly the superimposition of the T waves upon 
the terminal part of the QRS complexes. The take-off of the T waves is 
markedly elevated. S waves are minimal. The lower graph, taken with the 
same instrument but in conjunction with the amplifier and high string tension, 
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shows the take-off of the ST segments to be in the isoelectric line and the 
presence of a Avell formed S wave. The increase of deformities with increased 
heart rate was well demonstrated by the graphs of white mice shown in the 
publication of Rappaport and Rappaport.*® 

Experimental Results. A. Analysis of EIectrocardiogra7i2s on Normal 
Rais. The average pattern of a normal rat electrocardiogram was 
established from calculations of 50 graphs taken on 50 individual 
animals. Because the amplitude of the QRS complexes in Leads 1 
and 3 is greatly affected by changes of the electrical axis and because 
of Einthoven’s law, only amplitudes of the waves in Lead 2 were used 
for the detection of electrocardiographic changes. 

The mean measurements of the different components with their 
deviations from the mean and their range is shown in Table 1. 


Table 1. — Measurements of Components of the ELEcrnocARDiOGRAPHic 
Complex in 50 Animals 


Xlean 

Weight of animals .... ISO gm. =*= 53 

Heart rate 328 =*= 17 per min. 

P-R interval (conduction time) 0 , 047 sec. =<= 0 , 002 
Height of R; waves . . 0,403 mv. =1=0.097 

Height of Ts waves . . . 0 . 100 mv. ^ 0 . 029 


Range 

300-107 

300-261 

0.053-0.038 

0.750-0.300 

0.225-0.050 


In this table a remarkably wide range of measurements can be seen, 
which however, is thoroughly comparable to the wide range of normal 
values observed in humans. The sexes were equally distributed in 
this series and no sex linked variations could be observed throughout 
the study. 

The distribution of axis deviation in this series is shown in Table 2. 

Table 2.— Distribution of Axis Deviation 

No. of 


Axis deviation rats 

Left 8 

Tendency to left 6 

None 27 

Tendency to right 9 

Right 0 


Thus, slightly more than half of the animals showed no axis devia- 
tion at all; approximately 28% showed deviation to the left; and only 
18% showed a tendency to right axis deviation. Frank right axis 
deviation was never observed. 

In order to determine the influence of animal weight upon axis 
deviation. Table 3 was drawn up. 


Table 3. — Axis Deviation According to Weight of Rat 


-4mtnal weight 
(gm.) 

Left 

Tendency 
to left 

None 

Tendency 
to right 

Right 

100-150 . 

. . . . 1 

1 

7 

0 

0 

151-200 . 

. 5 

2 

8 

2 

0 

201-250 . 

. . . . 3 

0 

5 

1 

0 

251-300 . 

. . . . 1 

0 

4 

0 

0 

301-360 . 

. . . . 1 

0 

3 

0 

0 


This table shows the preponderance of “tendency to right” over 
“tendency to left” in the lower weight group, which diminishes and 
finally disappears completely in the higher weight groups. 
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These results are not dissimilar to those reported by Weiss et 
although in this series, all waves are somewhat lower because of lack 
of superimposition of deflections. The general outline of the com- 
plexes is identical with those of the human electrocardiogram. The 
deflections in Lead 1 were found to be very low in the majority of 
animals, a phenomenon which can easily be explained by the relative 
center position of the rat heart in the first lead, and by the relative 
shortness of this lead as compared to the remainder of the standard 
leads. Deflections of Lead 3 were found to be usually well formed 
but somewhat lower than those seen in Lead 2. All ST segments 
were found to be isoelectric and not elevated as shown by other authors. 
Well formed S waves were found in the majority of Leads 2 and 3. 

B. Analysis of Electrocardiograms on Thyroidectomized Animals. 
The electrocardiographic effects of thyroidectomy of 4 weeks standing 
are shown in Table 4. All animals were thyroidectomized immediately 
after the first electrocardiogram and rechecked after 1 month. Also 
included in this table are 2 rats with thjuoidectomies of 6 months 
standing. Attention should be called to the fact that Rat 6 was only 
hemi-thyroidectomized because of excessive bleeding. 

In order to avoid any misinterpretation of changes in the amplitude 
of R waves which could be accounted for by the absence or occurrence 
of a prominent S wave, the total amplitude of the QRS complex was 
measured and tabulated in millimeters. Although it is customary 
to express all amplitudes in millivolts, this was avoided in this in- 
stance, because R waves are positive in direction whereas S waves 
are negative. Their algebraic sum is therefore less indicative of any 
change than their geometric sum (Rfl-S). 


T.\bi.e 4. — Effects of Thyroidectomy 

Total 


Sex and 
animal 

Time 

since 


Heart 

rate 

F-R 

interval 

E: 

amplitude 
R + S 
(mm.) 

Ts 

.4x4“; 

No. 

thyr.x. 

Wt, 

per m. 

(sec.) 

(mv.) 

(Lead 2) 

(mv.) 

deviation 

9 1 

0 

139 

355 

0.045 

0.750 

- 19.0 

0.113 

Tend. rt. 

1 R* 

1 mo. 

185 

344 

0.046 

0.500 

14.0 

0.075 

Tend. rt. 

O’ 2 

0 

137 

351 

0.038 

0.675 

15.0 

0.125 

None 

2R 

1 mo. 

170 

336 

0.042 

0.500 

14.0 

0.100 

Tend. rt. 

O’ 4 

0 

140 

348 

0.043 

0.388 

16.0 

0.175 

Tend. rt. 

4R 

1 mo. 

185 

324 

0.054 

0.350 

13.5 

0.055 

Tend. It. 

O’ 6 

0 

125 

324 

0.048 

0.445 

12.5 

Isoel. 

Tend. rt. 

6R 

1 mo. 

128 

354 

0.049 

0.500 

12.5 

0.063 

Tend. It. 

O' s 

0 

171 

360 

0.044 

0.425 

12.5 

0.163 

None 

8 R 

1 mo. 

238 

348 

0 046 

0.325 

10.0 

0.100 

Tend. rt. 

9 9 

0 

162 

339 

0 042 

0.750 

19.5 

0.138 

None 

9 R 

1 mo. 

172 

330 

0 045 

0.563 

14.5 

0.113 

Tend. rt. 

910 

0 

202 

357 

0.046 

0.355 

12.0 

0.105 

Tend. rt. 

10 R 

1 mo. 

248 

333 

0.048 

0,205 

9.0 

0.025 

Tend. It. 

0’22 

0 

163 

330 

0.047 

0.450 

13.0 

0 088 

None 

22 R 

1 mo. 

210 

330 

0.047 

0.388 

12.0 

0.063 

None 

O’ 53 

6 mos. 

327 

300 

0.050 

0.325 

12.5 

0.100 

Tend. It. 

54 

O.mos. 

271 

258 

0.064 

0 275 

7.5 

-0 063 

Tend. rt. 


* The letter R after the animal number indicates a repeat electrocardiogram on the 
same animal after the time interval stated in the second column. 
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This table shows that in 6 of 7 animals, disregarding Rat 6, there 
was a small weight gain, a drop in heart rate, and a concomitant 
widening of the P-R interval. The voltage of the R waves also de- 
creased in these animals as did the total amplitude of the QRS com- 
plex (R-fS). There was also a definite lowering of all T waves. 
Although there was a change of axis deviation in the majority of ani- 
mals, no definite trend toward any direction could be made out. Of 
the 2 animals thjToidectomized 6 months previously, 1 showed a 
heart rate somewhat lower, the other a heart rate markedly lower 
than that observed after 1 month of thjToidectomy. The conduction 
time of these animals was correspondingly lengthened and all positive 
waves were found to be lower than their corresponding means. 

C. Analysis of Electrocardiographs on Thiourea Treated Animals. 
The electrocardiographic changes effected by the administration of 1 % 
thiourea in drinking water for a period of 3 'weeks are compiled in 
Table 5. 


Table 5.— Effects of Thiotirea (1% in Drinking Water) 


Sex and 
animal ■ 
No. 

Time of 
treat. 

Wt. 

Heart 
rate 
per m. 

P-R 

interval 

(sec.) 

Rs 

(mv.) 

Total 
amplitude 
R + S 
(mm.) 
(Lead 2) 

Ts 

(mv.) 

Axis 

deviation 

912 

0 

107 

321 

0.048 

0.488 

16.0 

0.200 

Tend. rt. 

12 R 

3 wks. 

93 

222 

0,063 

0.575 

18.5 

0.100 

Tend. rt. 

913 

0 

116 

333 

0.044 

0.513 

14.0 

0.150 

None 

13 R 

3 wks. 

100 

279 

0.048 

0.575 

15,0 

0.075 

Tend. rt. 

d'U 

0 

134 

327 

- 0.044 

0.475 

14,0 

0.163 

None 

14 R 

3 wks. 

102 

228 

0.059 

0.600 

17.5 

0.075 

Tend. rt. 

cfie 

0 

158 

345 

0.046 

0.013 

16.5 

0.088 

Tend. It. 

16 R 

3 wks. 

115 

285 

0.058 

0.650 

18.0 

0.050 

None 

c?17 

0 

147 

354 

0.040 

0.538 

14,0 

0.150 

None 

17 R 

3 wks. 

137 

210 

0.064 

0.538 

14.0 

0.075 

Tend. rt. 

918 

0 

110 

201 

0.054 

0.712 

17.0 

0 138 

Tend. rt. 

18 R 

3 wks. 

102 

162 

0.064 

0.763 

18.0 

0.050 

Tend. rt. 

919 

0 

113 

306 

0.046 

0.650 

18.0 

0.025 

None 

19 R 

3 wks. 

104 

200 

0.050 

0.550 

18.0 

Isoel. 

Tend. rt. 

920 

0 

118 

345 

0.045 

0.550 

14.5 . 

0.150 

None 

.20 R 

3 wks. 

85 

210 

0.059 

0.563 

16.5 

0.100 

Tend. rt. 


All 8 animals lost weight during the treatment. Their heart rate 
was reduced to approximately two-thirds of the original value, accom- 
panied by a corresponding lengthening of the conduction time. In 
striking contrast to the thjToideetomized animals, these animals 
showed an increase of voltage in R 2 , 6 times out of 8. This was borne 
out by a parallel increase in total QRS amplitude (R+S) . The T waves 
showed a drop of voltage in all cases, much more drastic than that 
seen in thjToidectomized animals. Six animals out of 8 showed a 
definite shift of the electrical axis to the right, whereas 2 retained 
their original axis deviation. 

Discussion. In order to demonstrate more clearlj'- the electrocardio- 
graphic changes appearing after thjToidectomj^, the graphs of repre- 
sentative animals before and after thjToidectomj’^ are shown in 
Figure 3. 
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Fig. 3. — Electrocardiogram of animals before (Nos. 4, 9) and after (Nos. 4 R, 54, 9 R) 

thyroidectomy. 
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A general trend toward the slowing and lowering of all complexes 
can easily be seen. These graphs also serve to illustrate the incon- 
sistency of changes of the electrical axis, as Rat 4 changed to the 
left, whereas Rat 9 changed to the right after thjToidectomy. The 
trend of the changes concerning heart rate and height of deflection 
is in full accord with myxedematous changes seen in human electro- 
cardiograms.- As can be seen from graph No. 54 (Fig. 3), taken 6 
months after thyroidectomy, there are extremely low-voltage QRS 
complexes with isoelectric T waves in Leads 2 and 3. 

The slowing of the heart rate and the lowering of all complexes in 
cases of myxedema, are said, by some authors, to be due to a hydro- 
pericardium which however, could not be observed at autopsy of the 
2 long-time thyroidectomized animals. The other, more likely, point 
of view is that these changes are produced by interstitial edema of 
the cardiac muscle, which would certainly tend to change its con- 
ductivity.® 



Fig. 4. — Electrocardiogram of animals before (Nos. 14, 17) and after (Nos. 14 R, 17 R) 

thiourea treatment. 


The electrocardiographic changes following treatment with 1% 
thiourea for 3 weeks are illustrated by graphs No. 14 and 17, Figure 4. 
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Here, as in the case of the thyroidectomized animals, there is a 
decrease in heart rate; however, it is found to be much more pro- 
nounced after thiomea despite the fact that these animals had only 
been treated for 3 weeks. The conduction time shows a parallel in- 
crease and the T waves are found to be markedly lowered. These, 
like the majority of electrocardiograms after thiourea treatment show 
a decided change of the electrical axis to the right. 

In complete contrast to the thj'roidectomized animals, there is an 
increase in voltage of the R, waves together with an increase of the total 
amplitude of the QRS complex (R+S). 

It is well to remember however, that the decrease in amplitude of 
the ventricular complexes is an integral part of the “myxedema electro- 
cardiogram.- 

In order to illustrate the partial parallelism and the marked partial 
discrepancy of electrocardiographic changes after thyroidectomy and 
after thiourea treatment. Table 6 was drawn up. 

Table 6. — Electeocahdiogbaphic Changes 


After After 

th3Toidectomy thiourea 

Weight of rat .... -1-31.2 =*= 18 —20=^11.3 

Heart rate -11.8 6.1 -98 ±21.2 

P-R interval .... -tO. 003 ± 0.002 -1-0.012 ± 0.004 

R: -0 137 ±0.060 +0.034 ± 0.039 

R + S -2.9±1.2 +1.6±0.66 

T2 -0 054 ±0.029 -0.092 ± 0 035 


In this table the mean changes with their direction and deviation 
from the mean are recorded for each procedure. 

Whereas thyroidectomized animals gained weight during the interval 
of 1 month, all thiourea treated animals lost weight. There was a drop 
in heart rate with increased conduction time after both procedures, 
which was however more marked after thiourea treatment. The 
R waves and the total amplitude of the ventricular complex (R-j-S) 
lost in voltage significantly after thyroidectomy, whereas the opposite 
could be observed after thiourea treatment. Finally, there was a 
characteristic drop in amplitude of the T waves after both procedures. 

Although thyroidectomy produces electrocardiographic changes 
similar, if not identical, with those seen in human cases of myxedema, 
thiourea treatment duplicates this disease electrocardiographically 
only to a limited extent. This observation is in contrast to the views 
of Leblond and Hoff^’* who stated that 1% thiourea in drinking water 
given to rats produces cardiac changes equal in degree to those pro- 
duced by thjToidectomy. 

The difference in reaction to the two procedures could possibly be 
explained by a direct toxic action of thiourea on the body and on the 
heart in particular. This view would be partially supported by the 
fact that the animals lost weight during treatment. Another explana- 
tion would be that thjToxin is formed outside of the thjToid gland, a 
view previously expressed by Chapman'* and Morton etal.^ 

Although the latter view would account for the comparatively 
greater severity and speed with which changes occur after thiourea 
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treatment, it would not account for the comparative increase in 
amplitude of the QRS complexes, which still remain unexplained. 

Summary and Conclusions. 1. The average appearance of a rat 
electrocardiogram was established from the analysis of 50 graphs 
recorded by means of a string galvanometer with high vibration speed 
in conjunction with an electronic amplifier. 

The mean heart rate was found to be 328 beats per minute, with a 
corresponding mean conduction time of 0.047 second. 

The mean amplitude of the R waves in Lead 2 was found to be 
0.463 millivolts, the mean voltage of Tj 0.106 millivolt. 

The ranges of these measurements were found to be fairly wide and 
entirely unrelated to sex and age of the animals. The majority of 
graphs showed no axis deviation. There was a slight preponderance 
of a “tendency to the right” over “tendency to the left” in the lower 
weight groups, which however deereased on approaching the higher 
weight groups. 

2. Electrocardiograms were studied on thjToidectomized animals 
and animals treated with 1 % thiourea in drinking water. 

The changes after thjToidectomj- simulated in all respects changes 
seen in human cases of mj-xedema, L e., lowering of heart rate with 
increased conduction time and lessened amplitude of all positive waves. 
Animals, 3 weeks after thjToidectomy, showed these changes to a 
lesser extent than those thjToidectomized 6 months previously. 

Treatment of normal rats with thiourea for a period of 3 weeks 
produced marked slowing of the heart rate with increased conduction 
time and lowered amplitudes of the T waves. However, there was a 
striking tendency to increase the voltage of the R waves in complete 
contrast to the expected mjTcedematous changes. 

Although there was no consistent shift in axis deviation after thy- 
roidectomy, there was a definite shift to the right in the majority of 
thiourea treated animals. 

3. The more complete myxedema-like response obtained after 
thiourea treatment as compared to that elicited following thj'roidec- 
tomy lends further substantiation to the extra-thyroidal production of 
thjTOxin as proposed by Chapman^ and Morton ct al.^ 
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A STUDY OF THE RELATIONSHIP OF THE BASAL BODY 
TEMPERATURE TO THE BASAL METABOLIC RATE IN 
HOSPITALIZED PATIENTS 

By Campbell Moses, M.D. 

PITTSBURGH, PA. 

(From the Department of Physiology and Pharmacology and the Presbyterian and 
Elizabeth Steel Magee Hospitals of the University of Pittsburgh) 

The recent recommendation of the use of the basal body temper- 
ature in determining the time of ovulation^'®’®''^-"'^®’”-^®-^® and the 
renewed clinical interest in the relationship of the body temperature 


81 ^ 



Fig. 1. — Relationship between the basal metabolic rate (B.M.R,.) and the average basal 
temperature (A.B.T.) in 255 Hospital Patients. 


to the basal metabolic occasioned this study. If, as has 

been suggested,^ the basal body temperature is a better index for 
thjToid therapy than the basal metabolic rate, this is of particular 
importance now in industrial centers where patients cannot take time 
off from vital war work for determinations of the basal metabolic rate. 
The use of basal temperature graphs in timing the course of events 
in the human menstrual cycle apparentlj’- reste on adequate clinical 
and experimental evidence.® •''■^lis However, the evidence supporting 
an exact correlation between the average basal temperature and the 
basal metabolic rate requires additional consideration. 
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The work here reported was undertaken to determine what cor- 
relation, if any, exists in the afebrile hospital patient between the 
average basal temperature and the basal metabolic rate. 


'98.8 


98.4 


98.0 


97.6 


97.2 


96.8 


96.4 


Fig. 3.— The wide variation in the basal temperature readings of individuals with +10 
to — 10 B.M.R. and the average basal temperature of these subjects. 

Procedure. To determine this, the hospital records of individuals admitted 
for diagnostic investigation were renewed.* Patients with febrile conditions 
were not included. The basal temperature determinations were taken as the 
early morning (7 to 8 a.m.) oral temperatures before the patient had been 
out of bed. The routinely determined metabolic rates were utilized. These 
were usually performed in duphcate or until consecutive determinations 
agreed satisfactorily. 

In all, 255 patients were studied, 1150 basal temperature determina- 

* Through the courtesy of Drs. A. H. Colwell, F. J. Gregg, and J. W. Shirer. 
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The relatively high degree (81%) of agreement between the basal 
metabolic rate and the average basal temperature conforms to the 
well founded clinical observation that individuals with elevated 
metabolic rates generally have higher body temperatures (Fig. 4) and, 
indeed a low grade fever is frequently seen in thyrotoxicosis.^ Sim- 
ilarly hypothyroidism in both man and animals is often accompanied 
by a relatively low average basal temperature.^-*’^^ However, it must 
be recognized that, while general agreement between the average 
basal temperature and the basal metabolic rate obtains, this generaliza- 
tion does not necessarily indicate that the average basal temperature 
can replace determinations of the basal metabolic rate. 

Two reasons for this are apparent; (a) while in the normal male 
there is relatively little cyclic fluctuation in temperature, in the 
female the temperature variations due to hormonal activitj’’ are quite 
marked (Fig. 2) and, although these temperature variations are 
accompanied by a somewhat similar change in basal metabolic rate 
the two changes are not of strictly comparable magnitude (b) the 
second reason for the inability of the average basal temperature to be 
substituted for the hasal metabolic rate is the tremendous overlapping 
that obtains both in the relatively normal group (=fc 10%B.M.R.) 
and those with definitely abnormal metabolic rates. Study of Fig- 
ures 3 and 4 emphasizes the wide variations in basal temperature and 
indicates the difficulty encountered in attempting to give the average 
basal temperature the same significance as the basal metabolic rate. 
Although the temperature curve tends generally to be higher in the 
hyperthyroid individual and lower in the hypothyroid, this is not an 
invariable finding and there is a great deal of overlapping between 
the two groups. Study of Figure 4 indicates that while individuals 
with a high B.M.R. may have low basal temperatures, those with 
low B.M.R. seldom have basal temperatures above 98° F. 

Summary and Conclusions. Evidence is presented to indicate that 
while the average basal temperature and the basal metabolic rate are 
in general agreement, individual determinations of the basal metabolic 
rate cannot be replaced by average basal temperatures in estimating 
the degree of metabolic activity. 
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THE DANGER OF CONTINUED ARSENOTHERAPY IN CASES 
OF ERYTHEMA OF THE NIlfTH DAY 

By Maj. Willeui Leifer, M.C., A.U.S. 

CHIEF OP DEHJLA.TOLOQY AND VENEHEAE DISEASE SECTION ASF HEGIONAE STATION 
HOSPITAE, FOHT BHAGG, N. C. 

The arsenical reaction termed by jMilian^ “erythema of the ninth 
day” is characterized principally by fei’-er, malaise and a generalized 
eruption. Milian’s concept that the reaction is due to “biotropism,” 
that is an activation of latent “virus” by the drug, has few proponents 
today. The consensus is that sensitization to arsenic is the cause. 

ISIoore'* gives the following description: “The reaction occurs from 
5—19 days after the first injection (average 7.8 days) and may follow 
any of the trivalent arsenicals. It is characterized by a poljunorphic 
erythematous, scarlatiniform, or macular skin eruption accompanied 
by fever (101°— 105° F.), sore throat, headache, malaise, diarrhea, 
stiffness of the neck and evidence of lymphoid hyperplasia. Its 
average duration is six days.” 

There appears to be an inadequate understanding, among prac- 
titioners, of the significance of this reaction, particularly of the scope 
of the disturbance created. Fourteen cases are being reported in 
which the prompt resumption of arsenical treatment was followed by 
severe parenchymatous injury. Issue may be taken with the inclusion 
of some of these cases in the categorj’’ of “erythema of the 9th day,” - 
since no eruption was observed. 

Table 1 presents pertinent details. All patients were male soldiers, 
and none had ever received more arsenic than is stated in the table. 
They were treated by the then routine antisyphilitic schedule of the 
Army. For present purposes, only the first 5 v^eeks of this schedule 

Table 1. — Analysis op Data in 14 Cases 

Case No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Age 20 24 37 20 37 20 IS 18 25 30 23 19 20 22 ' 

Stage otdiEcase SPP EO LL SNP SNP EL EL SNP EL LL SNP EL EL EL 

Doses of mapharsen before appearance of 

"Milian” reaction 3 33 5 4 43 5 45 3 434 

Dai’S between first mapharsen injection and 

appearance of " Milian” reaction ... 7 8 9 9 10 10 7 9 7 11 6 9 9 10 

Eruption 0 0+0 + 00 + 00 0 000 

Additional doses of mapharsen after the 

“ Milian" reaction 2 12 2 111 112 2 113 

Dai’S between first mapharsen injection and 

detection of parenchymatous injury . . 14 14 17 24 13 20 11 16 14 21 17 12 14 24 

Ti’pe of parenchymatous injuri’ ....J JJ A J AJ AJJ 3 J3J 

NNN JNN NN 

SNP, seronegative primary si’philis; SPP. seropositive primary syphilis; EL, early latent syphilis’. LL, late laten 
si’philis; J, jaundice; A, agranulocytosis; N, nephritis. 

need to be detailed. Mapharsen was given twice weekly and bismutli 
subsalicylate once weekly. The maximal dose of mapharsen, 0.06 gm., 
was generally employed, although frequentlj'- the initial dose was 
0.03 gm. or 0.04 gm. 

The reaction occurred 6 to 11 days (average 8.6 days) after the first 
dose of mapharsen. In 6 cases, it appeared after 3 doses of the drug 
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had been administered, in 5 cases after 4 doses, and in 3 cases after 
5 doses. 

Table 2 is a compilation of the symptoms and signs observed in the 
14 patients. The only symptoms common to all were fever, headache 
and weakness. Chills or chilly sensations and gastro-intestinal 
symptoms were frequent. Five patients had well-marked injection 
of the conjunctivas with photophobia, and 3 had puffiness of the 
eyelids and the upper part of the face. Two patients were irrational 
and had rigidity of the neck, so that a diagnosis of meningitis was 
considered. 


Table 2. — Symptoms and Signs Observed in 14 Patients With Erythema 

OF the 9th Day 


No. of patients 

. Symptom or sign affected 

Fever 14 

Headache . 14 

Weakness 14 

Nausea 11 

Chills or chilly sensations 7 

Vomiting 7 

Injection of conjunctivas with photophobia .... 5 

Abdominal pain 3 

Edema about eyes and upper part of face .... 3 

Injection of pharynx 3 

Cutaneous eruption 3 

Substernal oppression 2 

Irrational 2 

Stiffness of neck . 2 

Enlarged, tender cervical nodes 2 

Anorexia 2 

Sore throat 2 

Backache . . 1 

Neuritis 1 


Most interesting was the infrequency of a cutaneous eruption. Both 
white patients had a generalized morbilliform eruption and 1 of the 
Negro patients, a mulatto, had a faint pink macular eruption. It is 
my belief that the reaction was of the same nature in all. In the 
Negro, the deep natural pigmentation may obscure the pallid, rose- 
colored macular or scarlatiniform eruption, and also the eruption 
may be so transient that it will have disappeared by the time the 
patient is examined. It is entirely possible that the eruption is not 
an essential part of the sjmdrome. 

In every instance, mapharsen was administered shortly after recovery 
from the initial reaction, sometimes after a rest interval of a week. 
Usually there was a prompt recurrence of the original symptoms, but 
the eruption did not reappear. In only 2 cases was the subsequent 
dose of mapharsen reduced, to 0.03 and 0.04 gm. respectively, while 
in the remaining 12 cases the full dose of 0.06 gm. was administered. 
It was after this additional arsenic that the evidences of parenchy- 
matous damage became apparent (Table 1). The serious complica- 
tions were observed from 11 to 24 days following the first dose of 
arsenic, when additional drug had been given a relatively short inter- 
val (from 3 to 8 days) after the initial febrile episode. They included 
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hepatitis, agranulocj’tosis and nephritis, alone or in combination 
(Table 1). 

All patients recovered, some only after a prolonged and severe 
illness. For 2 patients, it was subsequently recommended that bis- 
muth alone be given for 4 months, and thereafter arsenoxide with 
extreme caution. The course of these patients is unknown. The 
remaining 12 patients received intensive treatment with penicillin 
(either 1.2 or 2.4 million units of penicillin in 7i days) without reaction. 
Their therapeutic result cannot be evaluated at this time. 

It is noteworthy that 7 of the 14 patients were either in the hospital 
at the time of the initial reaction or were admitted because of it, and 
that the reaction was misinterpreted or minimized. In 1 case the 
diagnosis was German measles, in another it was common cold, and 
in the remaining 5 it was thought to be a relati^’ely minor reaction to 
arsenic. One case is reported in some detail; 

Case 8. A white male, aged 18 years, was admitted to the hospital with 
seronegative primary syphilis. He received the following treatment: August 8, 
1944, mapharsen 0.04 gm.; August 10, mapharsen 0.06 gm.; August 12, ma- 
pharsen 0.06 gm.; August 14, mapharsen 0.06 gm. He was then discharged, 
since his penile lesion was healed. During this period there had been no 
intolerance to the arsenical. 

On August 17 (9 days after the first injection), he was given mapharsen 
0.06 gm., and about 1 hour later he became weak and dizzy, and complained 
of feverishness, severe frontal headache, generalized aching pains, nausea and 
vomiting, and substernal oppression. He was readmitted to the hospital. 

Examination revealed injection of the conjunctivas and phaiynx, palpable 
and tender submaxillary nodes, a generalized rose-colored macular eruption 
and temperature of 103.4° F. The spinal fluid was normal. The white blood 
cells, examined on two occasions, were 7250 and 7650, with 61 and 53% 
neutrophils respectively. The urine contained 2-f- albumin. A diagnosis of 
German measles (this disease was then endemic) was made. The fever and 
eruption had disappeared by August 22, and on August 24 the patient was 
discharged. 

On August 24 he was given mapharsen 0.06 gm., and within an hour he 
developed severe frontal headache, nausea, vomiting and malaise. He was 
again admitted to the hospital and found to have fever, puffing of the face, 
injection of the conjunctivas and pharynx, soft tender nodes under both angles 
of the jaw, and a blood pressure of 90/50. The urine repeatedly contained 
albumin, casts and red blood cells. The first white blood cell count was 4100 
with 44% neutrophils, but within 3 days the count was 4100 with 3% neutro- 
phils, 1 % each of eosinophils and basophils, 86 % lymphocytes, and 9 % mono- 
cytes. Subsequently he developed total agranulocytosis, and there appeared 
gangrenous pyogenic lesions of the forehead and neck. He was treated with 
pentnucleotide and repeated blood tranfusions with little improvement. It 
was decided to use penicillin in an effort to control the pyodermas, and he 
was given a total of 2,880,000 units from August 30 to September 8, 1944. He 
made a prompt and complete recoveiy, the pyodermas healing rapidly, and 
the blood returning to normal. It is anticipated that the penicillin will be 
"curative” of the S3'^philitic infection. 

Comment. Fever in the first 2 or 3 weeks of arsenotherapy may be of 
different origins. After the initial dose of arsenic, it is usually a man- 
ifestation of the sj^stemic Herxheimer reaction. This is especially 
true of primary and secondary syphilis, less so of latent and late 
syphilis. The Herxlieimer reaction (seen also with penicillin) is ascribed 
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to massive destruction of treponemes in the circulating blood Avith 
release of their toxins or proteins. It does not recur after subsequent 
injections. 

Fever after the second or third, or later, injections of arsenic must 
be regarded as evidence of toxic reaction or intercurrent infection. It 
is the intent of this paper to indicate that the safest course is to con- 
sider any febrile episode (except the Herxlieimer reaction), especially 
in the first 3 v^eeks of arsenotherapj’’, a probable manifestation of 
sensitivity to arsenic. This is particularly true AA'hen the entire syn- 
drome of “erythema of the 9th day” is present. HoA\-ever, it appears 
to apply Avith equal force to those cases in Avhich no rash is detected. 
It is in the clinic and the private physician’s office, AA^ere patients 
receive ambulatory treatment and cannot be under close surveillance, 
that greater aAvareness of this syndrome is needed. Strict attention 
should be paid to all reactions folloAA'ing the second and subsequent 
injections of arsenic, and these should not be minimized. 

Erythema of the 9th day is transitory, but neAmrtheless profound 
in its disturbances, and not to be underestimated. It is generally 
held that bismuth may be continued but that arsenic must be deferred 
for a period of 4 to 12 AA^eeks, and then used cautiously. Many patients 
AAull then be found tolerant of the drug. Thus, Canizares and Thomas^ 
state that in their series later reactions A\"ere chiefly nitritoid or gastro- 
intestinal. They quote Stokes as having reported a case of exfoliative 
dermatitis developing Avhen arsenicals Avere continued. In a later 
paper, Thomas and Canizares® report 2 cases in Avhich the eruption 
and general sj'^mptoms recurred AA'hen arsenic AA’as again giA'^en. 

Cole, Heisel and Stroud- describe a “fever-conjunctival injection- 
facial edema syndrome” AAdiich appeared in 24 patients receiving' 
mapharsen three times Aveekly. In 17 there AA’ere feA’’er, chills, photo- 
phobia, nausea, Ammiting and general malaise. Shortly after the onset 
of symptoms the patients shoAA'ed .some conjunctiA’al injection and 
edema of the face. These symptoms came on after the fifth or sixth 
injection, and from 9 to 12 days after the fir.st injection. One patient 
dcA'^eloped icterus AA'hich lasted 15 days. In another case an attempt 
to gh'e neoarsphenamine 12 days after tlie initial reaction reproduced 
the reaction along Avith profound muscular AA'eakness. Three months 
after the original reaction this patient tolerated 0.01 gm. of mapharsen 
Avell. No mention is made of any eruption, and the race of the patients 
is not stated. This reaction parallels in most respects those described 
in this paper. 

Peters® revicAved 54 cases of “erythema of the 9th day,” in 2 of 
Avhich (both Negroes) no eruption A\'as present. Eiglitcen other 
colored patients and 34 Avhite patients had a rash. Peters describes 
the occurrence of A'isceral reactions along AAuth the initial reaction, 
before the administration of additional arsenic. These AA’ere jaundice 
in 7 patients, hepatomegaly AAuthout jaundice in 4, nephritis in 2, 
splenomepbA’ in 1, and granulocA’topenia in 1. Of the 36 patients 
AA’ho received further arsenotherapy, 70% had reactions; “53% had 
serious delayed complications Avhich consisted of dermatitis A\’ith and 
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without exfoliation, jaundice, intolerance to several trivalent arsenical 
drugs, fever, nitritoid reactions, and recurrent erythema of the 9th 
day.” 

It is possible that some of the 14 cases reported here might have 
shown visceral damage, without additional arsenic. Nevertheless, 
this arsenic was an added insult, aggravating the already present, 
but subclinical, parenchymatous injury. 

IMaether we call this reaction the Milian reaction, “erythema of the 
9th day,” “early arsenical erythema,” or the “fever-conjunctivitis- 
facial edema syndrome,” is of little importance. What is most pressing 
is that it be recognized as a portentous reaction and regarded with the 
utmost seriousness. This is particularly vital in view of the ease with 
which the reaction is minimized or misinterpreted. Serious visceral 
injury might have been prevented, and certainly would not have been 
aggravated, if the cases reported had been correctly diagnosed and 
properly managed. 

Wiile it is true that penicillin is rapidly replacing the arsenicals as 
the therapeutic agent of choice in sj'philis, a considerable amount of 
arsenic will probably be used for some time. The Milian reaction 
has been observed in diseases other than syphilis, and the arsenicals 
may continue to be used in non-syphilitic diseases and in certain 
phases of syphilis. 

Summary. 1. Fourteen cases of characteristic reaction occurring 
early in the course of arsenotherapy (6 to 11 days after the first injec- 
tion) are reported. 

2. Only 3 of the 14 patients had a concomitant eruption. 

3. The relationship of this reaction to “erythema of the 9th day” is 
discussed. 

4. In all 14 patients early continuation of arsenic after the initial 
reaction led to serious parenchymatous damage, in the form of jaun- 
dice, agranulocytosis, with or vdthout nephritis. 

6. The ease with which the reaction is misinterpreted or minimized 
is indicated, and the need for careful evaluation of fever in the early 
phases of arsenotherapy is stressed. 

6. Twelve of the 14 patients subsequently received an intensive 
course of penicillin without untoward reaction. 
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POSSIBLE EFFECTIVENESS OF THE L. CASEI FACTOR (“FOLIC 
ACID”) CONCENTRATES ON REFRACTORY ANEMIA AND LEU- 
KOPENIA, WITH PARTICULAR REFERENCE TO LEUKOPENIA 
FOLLOWING RADIATION THERAPY 

By C. J. Watson 
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Minnesota Hospitals, Minneapolis, Minn., and the Division of Physiology, U. S. 

Public Health Service, National Institute of Health, Bethesda, Md.) 

The effectiveness of the L. casei factor and its concentrates in the 
treatment of leukopenia in rats receiving a deficient diet plus-sulfona- 
mides has been fully established.^ These results suggested a clinical 
trial of L. casei factor concentrates in patients exhibiting leukopenia 
of various cause. In some of these rat studies by Sebrell and his co- 
workers, not only leukopenia but also an anemia was noted. It was, 
therefore, determined to employ the material in patients suffering 
from refractory or aplastic anemia as well as in those in which leuko- 
penia alone of various cause was exhibited. Since 20 micrograms of L. 
casei factor daily for 4 days was quite adequate to correct either leuko- 
penia or anemia, or both, to normal in the rat,® an arbitrary dosage 
of 5 mg. per day for a period of 6 days was decided upon for the human 
studies. The concentrates available to us contained, respectively, 
5 mg. in 7 cc., and 5 mg. in 10 cc.* It Avas found that this amount was 
taken without difficulty and well tolerated given in | glass of milk or 
tomato juice. In most instances tomato juice was employed. Half 
of the material was given in the forenoon and half in the late afternoon, 
in each instance. A total of 17 cases have been studied in this way. 
The distribution of these cases in terms of clinical diagnosis Avas as 
folloAVS : 

1. N. W., cf, 31 (U.H. 739751). Refractory anemia; insecticide 

exposure. 

2. H. G., cf, 68 (U.H. 740034). Refractory anemia; insecticide 

exposure. 

3. C. E., c?, 70 (U.H. 740368). Refractory anemia; insecticide 

exposure. 

* These concentrates of the particular L. casei factor described by Hutchings, Stok- 
stad, Bohonos and Slobodkin* were supplied through the courtesj" of E. L. R. Stokstad 
of Lederle Laboratories, Inc. In addition to microbiologic potency, the biologic acti-vity 
of these concentrates was determined. Rats which became leukopenic and granulocyto- 
penic on a purified diet containing suceinyl sulfathiazole, were treated -n-ith 20 pg. per 
day of L. casei factor for 4 days. This was sufficient to bring the leukocyte count of 
such rats from below 4000, with not more than 5 per cent granulocytes, to 10,000 or 
higher, with more than 20% granulocytes. 
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4. H. Iv., 9 , 28 (L.H. 601008). Refractorj' anemia; diiantin ther- 
apy with skin rash and fever 3 j'ears prior to symptoms of 

anemia. 

0 . E. P., cf, 64 (I .PI. 74.3406). Neutropenia; no known causative 

factors. 

6. B. D., 9, 19 (L .H. 7.30826). Refractory anemia; no known 

causative factors. 

7. C. A., (f , 61 (L.H. 7.39736). Refractory anemia; insecticide 

exposure. 

8. P. .J., 7 (P .H. 744188). Refractory anemia; following pneu- 

monia and sulfonamide therapj\ 

9. B. cf , 39 (L.H. 746428). Plodgkin's disease; Roentgen ray 

leukopenia. 

10. B. F.,^ 9, 23 (L.PI. 739188). Rheumatic fever; leukopenia fol- 

lowing sulfonamide therapy. 

11. W. K., cf, 67. Polycythemia vera; leukopenia following total 

body radiation. 

12. C. H., 9 , 60 (U.H. 747.344). Carcinoma of cervix uteri; Roent- 

gen ray leukopenia. 

13. D. Iv'., 9 , 43 (U.H. 7404.34). Carcinoma of cervix uteri; Roent- 

gen ray leukopenia. 

14. M. M., 9 , 67 (L'.H. 741624). Carcinoma of cervix uteri; Roent- 

gen ray leukopenia. 

15. I. D. W., 9 , 29 (U.H. 743377). Carcinoma of cervix uteri; 

Roentgen ray leukopenia. 

16. I. W., 9 , 41 (L'.PI. 743337). Carcinoma of cervix uteri; Roent- 

gen ray leukopenia. 

17. E. B., 9 , 62 (U.H. 73990.3). Carcinoma of cervix uteri; Roent- 

gen ray leukopenia. 

Additional data for the first 10 cases of the above group (1 to 10 
inclusive), and for Cases 12 to 17, are given in Table 1 and Figure 1, 
respectively. The clinical and laboratory data for Case 11* are given 
in the following; 

C. 4 SE 11. W. K., cf, 07. Polycythemia vera with hyperleiikocytosis. 
Condition first recognized in 19SS at which time the hemoglobin was 1.37 % 
(Dare) and the red blood cells were 8.49 millions per c.mm. The leukocytes 
at that time were 15,050 with 87% neutrophils. The spleen and liver were 
moderately enlarged. Roentgen ray e.xamination of the gastro-intcstinal tract 
revealed a duodenal ulcer with crater. Roentgen ray therapy totaling 900 r 
was administered over two gastric portals (in 1938). Blood-letting was per- 
formed frequently. During the last 2 years the hemoglobin had decreased 
so that a hvpochromic microcj'tic tjqje of polycythemia resulted. The leuko- 
cytes had steadily risen during this period to a range of 80,000 to 100,000, 
with 85 to 88% neutrophils, but no ewdence of leukemia in the peripheral 
blood or sternal bone marrow bad appeared. Further data in this case are 
given in Table 2. 

Results. The results in the first 10 cases, comprising the refractory 
anemia and toxic leukopenia group, were entirely negative (Table 1). 

* The data from this case vere made available to us through tlie courtesy of Dr. Leon 
Jacobson, Department of Medicine, University of Chicago. 
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The only changes observed which might be construed as related to 
the administration of folic acid were in the group of leukopenias fol- 
lowing Roentgen ray therapy (Cases 11 to 17, inclusive). The data 
are shown in Table 2 and Figure 1. 

Discussion. Insofar as the refractory anemias were concerned, it 
was scarcely hoped that the L. casei factor concentrates would achieve 
the beneficial effects observed experimentally,^ since there was no 
reason to believe that a dietarj'- factor was operative in the human 
disease. Nevertheless, the unknown pathogenesis of human refractory 
anemia,'* and, as the name implies, the lack of a successful therapeutic 
agent made the present trial of L. casei factor concentrates a manda- 
tory experiment. It is not possible, on the basis of the condition of 
the bone marrow, to differentiate between human aplastic anemia and 
the anemia and leukopenia found in rats receiving sulfonamides. Rat 
marrows may at times present a picture of actual hyperplasia with a 
preponderance of immature forms;® but at other times* the picture is 
one of profound hypoplasia, very similar to the picture in human 
aplastic anemia. With respect to a possible dietary factor we were 
particularly interested in Case 8 of the present series, the only one in 
which there was a definite history of dietary deficiency. There were, 
however, no collateral evidences of deficiency. Since this case was 
that of a child in which infection, sulfonamide therapy and poor diet 
all had to be considered as possible etiologic factors, we were somewhat 
more hopeful of a beneficial effect following the folic acid concentrate, 
but as seen in Table 1, no effect was observed. 

At the outset it was decided to include the cases of Roentgen ray 
leukopenia mainly from the standpoint of permitting comparison witli 
a group in which the etiology was better understood, but with even 
less hope of benefit than in the more heterogeneous group of cases 
(1 to 10 inclusive). It was sm-prising, therefore, to observe a rather 
consistent increase of the leukocytes following the administration of 
folic acid concentrate in Cases 11 to 17; i. e., those in which leukopenia 
resulted from Roentgen ray therapy. 

The question at once arises as to whether these increases might not 
have occurred without the folic acid. In certain instances the appli- 
cation of radium increased the difficulty of interpretation. This is 
especially true in Cases 12 and 13. In Case 12 a definite rise was 
observed following folic acid, and then, with continued Roentgen ray, 
the count returned to just below 2000. Folic acid concentrate was 
resumed but radium was applied just before the second increase of the 
leukocytes occurred. In Case 13 the radium was implanted in the 
middle of the period of folic acid administration and prior to any 
increase in leukocji:es. Shortly thereafter a striking increase occurred 
and since similar increases are at times noted when radium alone has 
been used, one cannot, of course, ascribe the rise to the folic acid. 
In Cases 14 and 16, similar marked increases were observed but in each 
of these an increase had already taken place before the radium was 
implanted. One of the most impressive features of the study was the 
elevation of leukocytes following folic acid in spite of continued radia- 
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Taple 2.— Leukopenia in a Case 


WATSON, SEBRELL, MC KEL^rEY, DAFT: 


•O O M 
2 O 
^ <N 13 

°^:h 

_g^ 

|^.S 

E-i 


o o o o o o o 
o o o o o o o 

o O O CO lo o 
o" Cl Co" iC O O rH 
O O to w 

O CO 1-H 1-H 


•2^ . .'-'OC'1I>IOC<1COC^'-I .W , ,C0 .IOt*<iOO 

"S ■ '(N^woodddo -d • -O -oodd 


* '*^COCOiOCOO»OO^C' 1 -^iOtJ<COO ’-^»0 ‘CO 
— • *-* Cl M CO Cl CJ C-^ rH rH . 


S3 oio<:Dco‘o^r-<co*0’-‘wcoto-^<eo«-< ‘Mcj • • 

CO C^ . f-H . . 


>cicoo^Nwi>.eoo^toto 

pH ^ ^ ^ ^ 


^3 ‘^t^^'^*5f*CO'«'eOOCOt^(Nrt40«)eOOCO -POO 

*-t»-^-?‘tO'^-pH^rOCJCOCO • f-t r-i 


o3^-'^'^-t*t^COd-i«*-<COOCOCOC5COCOl'-OWCJO 
i;6^00c00000t>.00t^00^ ^-•C^ClCOCOCOb-l'^ 


u oooooooooo2®ooo®22®S2 

C.O OiOOOOOOOOO**^OuOiOOtOOOtOOO 

'^S coooccotorooc5’^®’^»ccooo*-^i^O’^, to 

^ c O to* cf l-'T C<r »o i-< »-<“ I-T C?" cf CO CO** I'* ^ 

ca.: t'*500t^-r-*^ 


H5 00000^00 to Ol^ -5< 

'-'C •COC‘liO^'-'»?*OCOt>«-tO ♦*-< 


COC‘liO^'-'»?*OCOt>«-tO ♦*-< 

to O to to »0 to *0 lO to to 


to O to M ^ 
. C5 • O CO Cl CJ 


CO*--OOCJOOIOC >0 to 

'^O toooo • ^ 

r» ^ pH pH pH pH ^ ^ P^ »H 


©Cll^CiCOt^ coocot^cso ^ 

w ^ pH pH Cl C“J Cl *-< »-* Cl Cl Cl CO Cl CO •?* to 

^ ) I I I I t I 111 iJ.lt I 

Q lOtotOtotOOcOOOOOOOt'-l^-t'-t^b-t^t'-C'- 



L. CASEI FACTOK CONCENTRATES IN ANEMIA AND LEUKOPENIA 469 


tion, as particularly well exemplified in Cases 12, 16 and 17. It lias' 
not been possible to obtain control data on this point since, in the past, 
radiation has not been continued or resumed in the presence of such 
relatively severe leukopenia as was noted in these cases. It is the 
gynecologist’s (J. L. McK.) impression, on the basis of past experience, 
that to have continued Roentgen ray therapy under ordinary circum- 
stances in these cases, would have been inadvisable. In Case 13 it 
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intensive Roentgen ray therapy for carcinoma of the cervix uteri. In each instance a 
total of 3000 tissue Roentgens was given during the periods indicated. The term folic 
acid concentrate refers in all instances to the L. casei factor (see p. 1). 



will be noted that liver extract was given for a considerable period, 
along with intermittent Roentgen ray therapy, and that during tliis 
period the leukopenia was fairly well stabilized. The liver extract 
used undoubtedly provided small amounts of folic acid although no 
information is available as to the exact amount. It may be noted that 
in previous cases, some encouragement was gained when crude liver 
extracts of this t^iie were used, altliough only in the sense that the 
leukocjte count stabilized itself or rose slowly. 
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One oi the most suggestive results in the present group of cases is 
that seen in Figure 1 (Case 15) in which a mild leukopenia persisted for 
over 3 months after Roentgen raj'’ therapy for carcinoma of the cervix. 
The administration of folic acid concentrate in this case "was followed on 
2 occasions by definite elevations of the Ieukocj'’te count. No other 
stimulating factors were recognized. 

e do not wish to draw any conclusions from the results which have 
just been discussed. It is fullj’’ realized that the increase in leukocytes 
noted in the Roentgen raj'’ leukopenia group has not been proven to 
be due to the administration of folic acid. At the same time, it is 
believed that the present results justify further investigation as soon 
as folic acid becomes available in adequate amounts. 

Summary. L. casei factor (“folic acid”) concentrate has been ad- 
ministered orally in 17 cases of refractory anemia or leukopenia. No 
effect was observed in the 8 cases of refractory anemia, nor in 1 case of 
leukopenia persisting after sulfonamide therapy. Elevations of the 
leukocyte count were noted in each of 6 cases with leukopenia resulting 
from local intensive Roentgen raj’’ therapj' for carcinoma of the cervix, 
and in 1 case of potycythemia vera receiving total body radiation. No 
effect was observed in 1 case of Hodgkin’s disease exliibiting severe 
leukopenia following intensive Roentgen ray therapy to various parts 
of the body. 

No conclusions may be drawn from the present results. They are 
communicated at this time for the purpose of stimulating further 
studj' of the possible effectiveness of folic acid in the treatment of cer- 
tain forms of leukopenia, especiallj^ that resulting from radiation. 
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SYNCHRONIZATION OP NEUROTIC BEHAVIOR PATTERNS 
By Euihjnd Bergler, iM.D.* 

EECTtrUER AT THE ^■EW TORK PSF’CnOAKAET'TIC IK.ST1TCTE 
HEW YORK, H. Y. 

I. The 7ieurQtic harbors an iinconsciom “repeiiiion machine.” Ei'cry 
neurotic can be compared to a person carrying around constantly 
o 7 ie phonograph record and constantly on the lookout for a phonograph 
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on which to play his only tune. In this simile the one and only record 
represents the basic %inconscious neurotic tendency; the phonograph 
stands for the other person with whom the neurotic pattern can be 
repeated. Expressed differentlj'-, Freudian psychoanalysis has proven 
in 50 years of clinical experience that certain unconscious behavior 
patterns acquired in early childhood become petrified, and under 
the pressure of the “unconscious repetition compulsion” (Freud) are 
repeated throughout the remainder of life with eternal monotony— 
and completely without conscious awareness of that repetition. Thus, 
the unconscious “repetition machine” reels off the unconscious behavior 
pattern. 

All of this has been known to analysts for many years. The prob- 
lems which shall be discussed in this paper are: 

1. The interrelation of 2 persons repeating respective!}'- correspond- 
ing neurotic behavior patterns. 

2. The specificity of choice of object for this repetitiveness. 

3. The correspondence of “behavior patterns” to specific uncon- 
scious defence mechanisms as well as to specific unconscious wishes. 

Clinical analysis has proven time and again that chance plays no 
part in determining the choice of marriage partners. All of the stories 
promulgated in belles letters to the effect that a normal man becomes 
the prey of a seriously neurotic woman and, vice versa, that a normal 
woman is taken in by chance and without inner cooperation by a 
neurotic man, are not based on reality. Such assumptions are neces- 
sary in fiction for the furtherance of the plot. Real life is less romantic 
and more like a textbook of neuroses:' Uoo neurotics seek and find 
each other. The neurosis of the husband complements the neurosis 
of his wife, and vice versa. One could call the mechanism involved 
“unconscious synchronization of neurotic behavior patterns.” To 
apply once more our simile, the marriage partners use each other to 
reel off their respective unconscious neurotic recordings. 

In simple cases this fact is known even to the psychologically- 
untrained observer. Take, for example, an aggressive woman mis- 
treating her husband, making fun of him in public in a derisive and 
humiliating way. We have no doubt— other possibilities excluded— 
that the husband who stands for this sort of behavior must be a weak- 


ling of tlie “milk toast” type. Seemingly, each gets what he wants: 
she, the pleasure of aggression; he, the pleasure of psychic masochism. 
Of course, the naive observer will simply say that the poor man had 
the misforhme of picking a shrew. Here the difference in interpreta- 
tion enters in. The analyst will say that the man unconsciously 
wanted that “misfortune” and therefore contrived to get it. Further- 


more, the words “shrew 
and not genetic terms. 


” and “weakling” or “sissy” are descriptive 
For instance, they do not explain how the 


aggressive woman happened to become so unpleasant or how the weak 


man happened to become a “she-” and not a “he-man.” The surface 


description does not even hint at the genetic reasons. The difficulty 
in explaining this seemingly unreasonable choice increases if, for 
instance, we find the husband in our example constantly complaining 
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about his wife’s mistreatment and sometimes even rowing violently 
with her, though he continues to stick to her. How are we to explain 
the slave-revolt, which obviously corresponds to a “defense mechan- 
ism” against his submission? 

The decisive question is this: What is repeated and what constitutes 
genetically these patterns of behavior? Are only unconscious wishes 
involved or only unconscious defence mechanisms, or both, and if 
both are involved, what is their respective interrelation? 

II. Six Clinical Examples. Six patients— 3 couples— will be de- 
scribed for the purpose of showing the complicated web of “synchron- 
ization of neurotic pattern.” All of these 6 patients were analj'zed, 
and the material gathered is based on elinical observation. The 
summaries presented are sketchy of necessity, for the sake of brevity. 
For our purpose, one segment suffices. 

Couple A. Mr. A. consulted me because of marital difficulties. He was 
a good-looking man of 43, with the charm and cynicism of a gamin. He 
explained his constant conflicts with his wife very simply; He was a “born 
bachelor,” who did not marrj^ but was married by, his wife. He had warned 
her, but she had insisted, “and what can j'ou do against a woman’s determina- 
tion?” Of women in general he spoke disparagingly: they were inferior 
creatures with no brain except for intrigue. I asked him of what his conflicts 
with his wife consisted. “Oh, she is terrible; she behaves like a governess, 
makes constant rows, is hysterical and overbearing.” “How long did you 
know your wife before marrjdng her?" I wanted to know. “A year or so. 
But never mind, she changed completebv She told me then that she would 
give me back m}*^ freedom if our marriage didn’t work. Well, it hasn’t in 3 
years, and now she refuses to divorce me.” Asked what his wife had to com- 
plain about chiefly in him, he admitted that he “made some little mistakes.” 
For instance, love letters from other women and his replies came “accidentally” 
into his wife’s hands. He was, constantb’- reiterated a “born bachelor,” and 
considered himself justified in having extramarital relations. Now, unfortu- 
nately, his wife had “material” against him, and that “complicated the 
matter.” 

A conversation with Airs. A., a smart-looking woman appearing not more 
than 30 (although she was 40) revealed that she considered her husband "a 
terrible liar, in every respect unreliable, mercenarj', and good-for-nothing.” 
She denied that she had forced him to marry her and pointed out what a good 
influence she had had on him. She admitted that they fought, but shifted the 
responsibility completely to him. “I never made scenes before I discovered 
those letters, but afterward I wanted to know the truth.” According to her, 
she quarreled only when her husband came out with “dirty lies.” “If he would 
onty confess I would forgive him, but he lies like hell.” Asked why she insisted 
on having all of the details, she answered that she was afraid to meet people 
any longer, since she didn’t know which were his girl friends and which knew 
about them, and was afraid of becoming a laughing stock. Full of fury, she 
accused her husband of being a “block of ice.” “Of course he has the advan- 
tage, since when I react emotionally he calls me hysterical.” 

From the life story of ^Ir. A. one could gather that his beautiful 
mother had had the greatest influence on him, his father having been 
away often during his formative years. The patient emphasized the 
beauty of his mother, and it was evident that in his pseudo-ciiarm 
he identified with her. Ycry soon it became apparent that he had 
unconsciously a strong feminine identification. This tendency he 
counteracted unconsciously with the pose of a Casanova and with 
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intellectual diaparagement of -women. He gave, incidentally, as one 
of his reasons for allowing himself to “be married by” his wife his 
desire to break away from his “polysexual life.” Without consistency, 
he stated on the other hand that he preferred his bachelor life. In 
any case, it became clear that all of the^ “bad qualities” he accused 
his wife of having (especially those of an overbearing governess) 
were exactly the ones which could fulfill his inner wish of being over- 
whelmed in a feminine way. Unconsciously there was in that layer 
a complete reversal for them of the man-wife attitude: He played 
inwardly the role of the woman; she, that of the man. 

Interestingly enough, the patient was sexually uninterested in his 
wife. He attributed his lack of interest to two facts: first, that she 
was not his “type;” and, second, that her constant rows made sexuality 
impossible. The man was very potent but wanted to be seduced 
by his wife. She, however, played coy, and was rather passive in 
sex. One of the patient’s chief objections against his wife was that, 
in a previous relation, she had actually seduced a man, a deed which 
she had mentioned to him as a practical joke when their acquaintance 
was slight. The patient dwelt constantly upon this deed, and more 
reproaches and more refusal in sex and money resulted. Despite 
the fact that his wife understood vaguely that her husband wanted to 
be seduced, she felt an inexplicable inhibition against “going back 
to the old times.” 

So far we see that the man wanted unconsciously to be overwhelmed 
in feminine identification— his wife was aggressive. He wanted, 
furthermore, constant hj^sterical rows, since thej' gave him the feeling 
of being mistreated— she also gave liim that satisfaction. But all 
of these satisfactions were on the unconscious le^’'el. Consciously, 
he suffered “like a dog,” to quote him. His wife provided for him 
only unconscious pleasures on a characterologic level; their sexual 
life was highly unsatisfactory. There the inner defence on his part 
set in. What he really wanted was not genital satisfaction; he had 
used this satisfaction, in previous relations, to a great degree to estab- 
lish the alibi of being a “he-man.” Basically his being mistreated 
satisfied his sexual needs in a masochistic way. But his constant 
complaints against his wife represented his unconscious defence. 
Even in this defence he smuggled in his old wishes; by refusing pseudo- 
aggressively sex and money, he provoked more aggression on her 
part and started once more the vicious circle of being unjustly" treated. 

The strange part in his unsolved cedipal relation was that his wife 
did not represent his “type,” whereas women he had known in previous 
relations did. Obviously, this was because in marriage his defence 
had to go one step further in protecting him against his original wish, 
since it was easier to identify unconsciously his legitimate wife with 
his mother than girls of indift’erent and transitorj' affairs. Conse- 
quently, the defence had to go one step further— avoidance of his 
“type.” Even in his previous transitory affairs, however, it became 
obA’ious that our patient was not the great seducer, as he pretended 
to be. Quite tlie contrary; these women had to seduce him. By 
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means of his constant infidelity he tried in vain to prove to himself 
that he was, not passive, but aggressive toward women. 

It might be asked how it happened that a man who had escaped 
marriage until he was 40 should finally have succumbed to it. The 
answer is that his original wariness against marriage represented an 
unconscious desire to avoid greater neurotic troubles, a form of self- 
preservation of tlie ego against greater inner danger. But, as is true 
of old bachelors when they marry, as they do often in their 40’s, his 
neurosis increased with age, and he eventually bargained for greater 
trouble— and got it. His increasing craving for neurotic pleasure was 
also visible in his unconscious concocting of the situation in which 
his wife found the incriminating letters. Neurotics at that age want 
to repeat their neurotic repertoire 100%; innuendoes no longer satisfy 
them. 

A few other facts are pertinent Avith regard to this patient. It 
was, of course, not true that his father played as unimportant a role 
in his life as he at first claimed. The patient was terrified of his father, 
and acquired thus strong castration fears AA'hieh made it possible for 
him to shift from the identification Avith the father aa^io possessed 
the mother (“positive” oedipus complex) to identification AAuth the 
mother wanting to be OA^erwhelmed by the father (“negatiA^e” oedipus). 
This feminine identification was repressed under the pressure of 
strong feeling of guilt. Interestingly, the psychopathic trends (lies, 
unreliability, etc.) could be traced to another identification, AA'ith 
the sister of his mother, aa'Iio aa-us the black sheep of the family, having 
A'arious psychopathic symptoms and signs. His identification AA'ith 
her served different purposes: it satisfied the feminine trend in the 
patient, and could at the same time be used as an ironic AA'eapon 
against the reproach of his inner conscience that he had such an 
identification, the unconscious reasoning being, “I cannot be a AAmraan 
since all Avomen are as impossible as my aunt.” In identifying partially 
AA’itli his aunt, the patient also displayed aggression tOAA'ard his family, 
thus once more making a play for his typical defence meclianism — 
pseudo-aggression. 

!Mrs. A.’s “roAA's” became so A’iolent that she had to enter analysis, too. It 
dcA'eloped that she had come from a family in which the mother Avas the 
predominating force. This Avoman had not only treated her child Avith cold- 
ness and reserA-e herself but had persuaded the child’s father to do likcAvise. 
tSTiether this treatment aa'us guided by some silb' pedagogic idea as rationaliza- 
tion or Avas the mother’s means of unburdening her OAAm dislike of her husband 
was not clear. In any case, the child acquired a deep masochistic attachment 
to her mother and at the same time a strong aggression as inner defence. 
She displayed the latter tendencA-, Ihing a polygamous life AA’hich Avas deeply 
offensiA-e to her puritanical mother. Her dynarnically-decisiA'e masochistic 
tendency Avas expressed in the disappointments in life AA'hich she constantly 
brought"^ about for herself. After many circuitous adA-entures, she married 
IMr. .4., upon AA'hom she unconsciousb' repeated the cliild-mother and mother- 
child situations. Mr. A. was as cold and detached as her mother, and her 
roAA’s AA'ith him represented a futile attempt to get some reaction— CA'en hatred! 

— from the pre-oedipal mother, her unconscious formula being, “I can’t stand 
that coldness; CA-en your hatred and anger Avould be more pleasant!” Con- 
sciously, of course, she wanted love; unconsciously she got AA'hat she wanted. 
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On another unconscious layer she was as cold and detached as Mr. A. was on 
the surface; strong narcissistic and unconsciously homosexual identifications 
were visible on both sides of the union. His unreliability was, by the way, a 
caricature of her omi behavior “in the old days.” This former period of 
polygamous tendencies she sought to counteract by a “model marriage,” 
unfortunately with inadequate means. Unconsciously she knew only too 
well what to expect from a person of Mr. A.’s type. Not despite but because 
of her unconscious expectation of trouble did she choose him. For masochistic 
purposes, too, she confessed to him too much of her past. 

Besides repeating the child-mother situation (playing again the unhappy 
child and forcing her husband into the role of her bad, cold mother) she also 
played the reverse situation, causing him to complain of her governess’ char- 
acteristics. 

As is true of all polygamous women who decide to make a break and 
become “respectable society,” Mrs. A. overdid. Therefore she did 
not make use of her sexual experience and played virgin. Since Mr. A. 
wanted to be seduced, a stalemate resulted, in which both partners 
unconsciously'- enjoyed masochistically the role of “being unjustly- 
treated,” until their tendencies were solved in analysis. 

Couple B. Mrs. B. entered analj'sis because of frigidity. She was mar- 
ried to a man who had lost sexual interest in her a few years after marriage. 
He claimed, however, that his attitude was the typical one of husbands, 
pointing out the fact of their 2 children to prove Ws potency. “In the past,” 
his wife added ironically. He even went to the extent of compiling statistics 
on the subject, inquiring into the sex life of his friends. Since his friends were 
no less neurotic than he, his statistics were favorable to his contention. “And 
that is that,” he concluded, and refused ever to discuss the subject further. 

However, he had no objections to his wife’s analysis, since he regarded her 
as “highly' hysterical.” Their marital life centered around one theme: One 
of them xvas always being wronged. Once the injustice’ was established, each 
marriage partner played the following unconscious game; He (or she) did 
not see that the provocation was his (or her) own. He (she) saw only the 
injustice, and started, seemingly in self-defence and in righteous indignation, 
to fight the other bitterly, with the result that both felt deeply' hurt and 
enjoyed unconscious masochistic self-pity. This mechanism, repeatedly 
described by me'" as the “mechanism of orality” and pathognomonic for a 
specific type of neurosis (neurosis with oral regression), is characterized by 
consciousness only' of the defensive aggression and self-pity', with repression 
of awareness of initial provocation and masochistic self-enjoy'ment. The 
person suffering from such a neurosis is often considered “aggressive,” whereas 
in reality' his surface aggression is but a covering cloak for deep psy'chic maso- 
chism. Genetically, the mechanism has its start in early' infancy', arising in 
the relation to, not the oedipal, but the pre-oedipal mother. 

An example of the constant fights of this couple; She forced her husband 
to spend every Sunday; with her mother, though she herself hated her, thus 
covering her masochistic attachment to her. The poor man had to drive the 
whole family to the country, miss his rest, swallow his fury, and above all, 
pretend to be very' happy. Driving back once with his wife and mother-in-la-sv 
in the back seat, he used the brakes too forcefully in stopping, jolting the two 
women disagreeably. Instantly his wife disparaged his dri-^fing ability. Her 
husband, not knowing that he had unconsciously provoked the scene by' his 
unconscious pseudo-aggi-ession, was helpless, felt unjustly' treated, and accused 
his wife of malicious talkativeness.^ 

Another, less harmless example’: By provoking the president of the large 
concern for which he worked, INIr. B. lost his position, the firm’s laconic reason 
being, “Your personality does not fit into our organization.” This was, 
incidentally, the reason for his wife’s forcing him into analysis. He denied 
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that he had caused his dismissal himself, admitting only to a “perverted sense 
of hurnor.” In reality, he had antagonized the president at eveiy turn. In 
reviewing his hfe history, one could find many other examples of self-damage- 
ment of the same type. 

It is impossible within the bounds of this paper to go into details 
about this couple, because to do so would necessitate a very technical 
description of “oral” neurosis in general and oral frigidity in particular, 
the most complicated of all types of frigidity 

It was interesting to observe how the husband reacted to analysis. 
He regarded it for some time as an academic course, in which intel- 
lectual know’ledge was to be acquired. His affective understanding 
was completely lacking. One day he said with disgust, ‘‘I see that if I 
continue analysis you will force me to have sexual relations with my 
wife, and that is exactly what I don’t want.” In other words, he 
wanted to “refuse,” knowing inwardly only too well that his refusal 
provoked once more the masochistic cycle of counter-aggression on his 
wife’s part. 

This marriage lasted for 16 years on the basis of “1 am unjustly 
treated,” the initial provocation being nicely divided between the 
two partners. 

Couple C. A 32 jmar old woman patient had been suffering from agora- 
phobia for 2 years, and entered analysis because of that symptom. For some 
months before the start of treatment, she had been unable to work, had given up 
going to her office, and had sat continually at home, where she felt less fear. 
To go out alone was impossible for her. She clung to her companion (either 
her fianed or her sister, 20 years her senipr) as if she were in imminent danger 
of death. Her fianed was a gloomy person who looked upon his environment 
full of suspicion, whose facial expre-ssion showed dissatisfaction with every- 
thing and ever 3 ''one. He gave the impression of inner fear, fuiy, and whimper- 
ing at once. 

From the curriculum vitaj of the patient, who was quite pretty, though 
colorless and indifferent in appearance, wc note: Her fatlicr died when she 
was 10 jmars old, but she was separated from him in her 7th j'ear, when her 
parents divorced each other. She described him as an amiable man, though 
onlj’ one episode concerning him remained at first in her memoiy, that of 
being taken to his funeral but not crjdng. Later she recalled other things, 
which, connected with what her mother had told her of him, gave the fol- 
lowing picture: Her father had been industrious and disinclined to drink until 
about his 50th .vear (when the patient was 5 or 6) ; then he underwent a change 
of character. He suddenty took to drink, became verj" noisj' at home, and 
started exhibiting himself when drunk. Once in his drunken state he stripped 
himself naked before the children, and this, after 25 j'ears of married life, 
served his wife as a signal to leave him, taking the children with her. The 
man lived 3 years more, took another wife, and saw his children only a few 
times thereafter. Evidently in order to paratyze his influence, his wife sent 
the small cliilcl to a convent school, to have “good morals” instilled in her. 
Tlie j-ear in the convent was, according to the patient, the unhappicst of her 
life. She lived in a constant state of fear, scarcely daring to go to the toilet. 
The nuns, evidently to prevent masturbation among the children, told them 
that tlie devil lurked there. In the cour.=e of a few months, the child was 
turned into a fearful, intimidated personality. By means of desperate plead- 
ing she persuaded her mother to take her away from the convent, but there- 
after kept up a slight connection with it, attending sewing le.ssons there. 

The patient described the further outward developments of her life as 
colorless. She was good at her studies and later entered a large concern, where 
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she had been employed for 12 years at the tune of starting analysis. There 
she was regarded as a person who did not permit herself to be imposed upon 
and who often came into conflict with her superiors, especially her immediate 
boss, whom she despised. 

The patient could not recall her childhood, and claimed that her first mem- 
ories were of her 8th year. She denied childhood masturbation, but remem- 
bered masturbating in puberty, though she could not recall the fantasies which 
had accompanied it. When she was 20, she became acquainted iiith a man 
considerably older than herself, who suffered from a serious case of tuberculosis 
and was at times unable to work. She had a sexual relation with this man for 
7 years. She described this relation as a very close one, in which she enjoyed 
complete orgasm. After great conflicts with her mother, an aggressive hypo- 
chondriac, who objected to her choice of fianc6 because of his illness, she met 
him outside of her home. Their relationship continued to be good, with great 
self-sacrifice in nursing him on her part, ^mtil the man was cured of his tuberculo- 
sis, when the ^patient suddenly abandoned him. According to her rationalization, 
she realized, as time went on, that her mother had been right in trying to talk 
her into giving him up because of his illness. 

One would expect the patient, having broken off her first engagement because 
of her fiance’s tuberculous condition, to be more careful in her choice of a 
second fianc6. By a curious “chance,” however, her second betrothed, the 
man who accompanied her to her analytic appointments and who has been 
described before, also suffered from a severe case of htberculosis. 

The patient’s first symptoms of agoraphobia appeared during the last 
months of her relationship with her first fiancd. She began the second relation- 
ship in a period when her symptoms were becoming stronger, and felt, even 
after the first sexual contact with him, that he was not “the right man” for 
her. According to her, all tenderness was lacking and he was needlessly and 
pathologically jealous of her. His jealousy was peculiar: On the one hand 
he tortured her with accusations of faithlessness; on the other hand he de- 
manded that she be unfaithful to him in the reahn of fantasy. He was able 
to have sexual intercourse only under the following conditions: She must 
describe to him, during intercourse, her intercourse with other men. Since the 
patient could oblige only with 1 man, her partner had to be contented with 
stories of imaginary love-affairs. He made her describe in a verjf realistic 
manner just how other men conducted themselves during intercourse, what 
they said, how they reacted, etc. If she refused to do so, the man was impotent 
or was unable to reach ejaculation during coitus. He demanded further that, 
in telling the stories, she make use of “popular designations,” that is, obscene 
words. The patient was indignant at her betrothed’s requests. Hei' agora- 
phobia was setting in more strongly and her sexual desires were diminishing, 
so that intercourse between the pair became infrequent, and was accompanied 
by more and more antipathy on her part. 

It is impossible to give in this paper the details of the patient’s 
analysis; this has been done elsewhere.® Nor is it feasible to enumerate 
the complicated reasons for this symptom agoraphobia; in the original 
report 13 determinants are worked out. For our purposes it suffices 
to state the reasons for the patient’s strange choice of fiance. At the 
time when her father began to drink, the child was at the peak of her 
Oedipus conflict. During analysis she suddenly remembered that she 
was the only one who could “tame”_ him in his drunken state, and 
that her mother, at a loss to deal with the raving, drunken man, 
would send her right into his room. This agreed with her mother’s 
report that she was her father’s favorite. What took place between 
father and daugliter was at first difficult to reconstruct. There was 
no proof that the man sexually misused the child. Probably he 
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exliibited himself and urinated before her. However, we know that 
for the unconscious, wish and reality have the same psychic value. 
The fact remains that the child, while in the first critical blossoming 
of the cedipus complex, found an opportunity to take over the role 
of her mother, indeed, was actually pushed into this role by her mother. 
The patient, however, acquired an exorbitant unconscious sense of 
guilt, with consequent desire for punishment; for, as may be imagined, 
her mother’s permission went only so far as taking care of the father, 
not to the extent of realization of the cedipus fantasies. The child 
unconsciously interpreted her mother’s desertion of her father and 
placing of her in a convent school as punishment. To this was added 
feeling of guilt because of masturbation. 

The conundrum presented by her choice of first fiance and subse- 
quent leaving of him becomes unraveled if we consider that the patient 
unconsciously identified him with her father. Her mother’s violent 
effort to make her give up this man was the signal for her neurosis, 
which had been present since childhood, to become manifest. Her 
mother’s advice mobilized the girl’s entire repressed sense of guilt 
and desire for punishment. In penance she gave up the man, in doing 
so identifying with her mother, who had given up her husband. The 
grotesque fact that the patient gave up her first fiance just as he 
became cured, only to take up the role of nurse to another sick man, 
can be explained on the basis that for her illness of the man was a 
necessary condition for every sexual relationship, because in her child- 
hood her unconscious oedipus wishes had been permitted only when 
accompanied by the inner excuse, “I am taking care of my drunken 
(sick) father.” The patient left her first fiance, not in sjnte of hd 
because of his return to health, when the guilt-relieving fact existed no 
longer. She then again became attached to a man who fulfilled her 
inner prerequisite. She stuck to him in spite of her feeling that 
he was “not the right one” for her and in spite of his repugnant de- 
mands because at this stage in her neurosis he took over the role of 
executor of her desire for punishment, this extremely neurotic man 
being well suited to his role of jailer. 

There were also other factors which contributed to her toleration 
of her second fiance. She was herself an exquisite exhibitionist and 
voyeur, as was visible in her symptom of street-fear. Her main fear, 
of fainting on the street and thus making a spectacle of herself, espe- 
cially indicated these traits. Of course, her conflict with her fiance 
concerning scopophilia came to the fore under defensive disguise 
(she apparently objected strongly to his visualizing of sexual scenes 
between her and other men). On the other hand, the man complained 
constantly about her own scopophilia. For instance, one morning 
as they were l)oth going up in the elevator of the building in which 
they were employed, she opened her coat and noticed that she had 
“forgotten” to put on a blouse. She reacted to the discovery with 
hearty laughter, he with an outbreak of rage. On another occasion 
she injured her knee and displayed her injury quite freely in the office. 
Occasionally she would fix her eyes on the genital region of men while 
riding in the streetear, denying it when her fiance became enraged. 
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When the patient’s sjTnptoms had subsided considerably and she 
was approaching cure, her fiance demanded analysis so urgently that 
he could not be put off any longer. Plis conscious reason for entering 
analysis was his masturbation, which, strangely enough, was accom- 
panied by conscious fantasies of watching his parents have inter- 
course. His real, unconscious reason for demanding analysis was 
scopophilia; He believed that something mysterious was going on 
between his fiance and the physician, for instance, that she was acquir- 
ing some forbidden knowledge which he wanted, too. He simply 
projected his childhood voyeurism regarding his parents on to his 
fiance and the physician. The problem arose as to why in his case the 
oedipal fantasy of observing the coitus of the parents (he could remem- 
ber seeing this coitus) had remained conscious and had not been 
repressed as usual. The answer was that he unconsciously identified 
with his mother, and as a defence against his feminine wishes, built 
up his “he-man” attitude. And even this defense was possible only 
under the disguise that not he but another man had intercourse. 
Hence his conscious demand that his partner relate her previous sexual 
experiences. He performed, so to speak, “incognito” or “anonymous” 
coitus.* His unconscious reasoning was, “It is not I, but someone 
else, who does these forbidden things, and since I am neither doing 
nor saying anything, I cannot be held in kny way responsible.” So 
the girl, not he, had to use obscene language. His neurotic jealousy 
(defence against unconscious homosexuality) also indicated his femi- 
nine identification. 

The strongest link between the 2 patients was the disguised scop- 
ophilia. An additional link was her desire to be mistreated and 
tormented because of unconscious guilt and his ability to fulfill her 
desire in his frantic attempt to provide an alibi for his unconscious 
feminine identification via pseudo-aggression., In humiliating the 
girl by forcing her to use obscene language he worked in the same 
direction. 

Conclusions, “Synchronization of neurotic behavior patterns” refers 
to a married couple’s mutual projection of their respective neurotic 
tendencies upon each other. It is adopted as a compromise of uncon- 
scious wishes and defence mechanisms. The contents of the two 
neuroses thus lived out are by no means simple unconscious wish 
fulfilments. Quite the contrary, ihe stress lies often in the unconscious 
defence. The neurotic stability of these relations depends on the 
segment of projection; the more nearly the two neurotic tangents 
meet, the stronger the bond. Cases 1 and 2 remained united. The 
woman of Case 3^ gave up her fiance when his main function— that of 
e.\'ecutor of her unconscious guilt feeling— had been made super- 
fluous by analysis. In evaluating the stability of such relations, one 
must also take into account the great tendency toward narcissistic 
sclf-dxiplication in the marriage relation. Even partially successful 
analysis often does not break up such marriages: Akarcissism and rem- 
nants of the respective neurosis rationalized with external difficulties 

* For details see pre\-ious publications.'.^ 
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accounts for this fact. Sometimes it is possible to place the old rela- 
tion on a more normal basis. 

The irony in the “synchronization of neurotic behavior patterns” 
is that the accompanying music is a cacophonj'- of shouts, fights, 
complaints, reproaches, and tears, ^^diereas 2 normal persons with 
similar likes and dislikes achieve some degree of harmony, 2 neurotics 
with similar “likes” and “dislikes” show on the surface only lack of 
harmony. The difference is exactly the difference between conscious 
and unconscious pleasure. The latter, however, must be covered up, 
and appears only under a palimpsest. Whoever doubts the fact 
that behind that superficial disharmony lie deep unconscious pleasure 
and equally satisfying appeasement of the inner conscience in the form 
of defence mechanisms, should ask himself why these constantly 
unhappy people, who seemingly hate each other, stick together. 
Onlookers often venture pessimistic prognoses concerning the future 
of such marriages. Their prognosis only too often turns out to be 
erroneous— the glue of neurosis holds such marriages together. 
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little knowledge has been gained regarding the altered cardiovascular 
dynamics in this condition. It is usually stated that blood flows 
through the atrial septal defect from left to right. If this occurs, 
the right ventricle must pump not only the normal quota of blood, but 
in addition that blood which leaks through the septal defect. The 
evidences of hypertrophy of the right ventricle and the prominence 
of the pulmonary arter5' found in patients with atrial septal defect 
are cited in support of such a belief. The development of the technique 
of right heart catheterization has allowed us to test tliis hypothesis 
and to demonstrate that arterial (oxygenated) blood actually does 
enter the right atrium in patients with the clinical picture of atrial 
septal defect. It has also permitted us to exclude the diagnosis of 
defect in patients with hypertrophy of the right ventricle and promin- 
ence of the pulmonary artery due to other causes, by demonstrating 
that oxj^genated blood was not entering the right atrium. 

This paper reports observations on 4 patients with the clinical 
picture of an atrial septal defect in whom oxj^genated blood was 
entering the right atrium. 

Methods. The method of catheterization of the heart and great vessels 
utilized in these studies is only slightly modified from that reported by Cour- 
nand and his colleagues.^ The median basilic vein of either arm was exposed 
through a small incision in the antecubital space. The vein was isolated and 
a small nick made in its wall. A special radiopaque ureteral type catheter* 
(No. 8 or 9) with an angulated tip was then introduced into the vein and 
passed up the venous channels under fluoroscopic guidance. The catheter 
was first passed up the arm veins and through the superior vena cava into 
the right atrium, thence into the inferior vena cava for several centimeters 
below its entrance into the heart. Throughout the procedure a very slow 
drip of physiologic saline solution was maintained through the catheter to' 
prevent clotting of blood in its lumen. Before blood samples were drawn for 
analysis, several cubic centimeters of blood were withdrawn through the 
catheter and discarded. This aA'oided any dilution of the sample by the 
saline contained within the catheter. Samples were then withdrawn, collected 
under oil, and analyzed for cxj-^gen content bj^ the method of Van Slyke.’” 
Only duplicate analyses, which checked rvithin 0.1 volume %, were accepted 
as satisfactory. After samples were obtained from the inferior vena caAm, 
the catheter tip was withdrawn to the right atrium and final!}" to the superior 
vena cava. Specimens for oxygen analysis Avere obtained from these locations 
also. In 3 patients the catheter Avas passed into the right ventricle and in 
another it apparently passed through the septal defect into the left atrium. 
Arterial blood for analysis was collected through an inlying needle in the 
femoral artery, Avhich had previously been well noAmcainized. The arterial 
pressure was measured directly by the method of Hamilton® and the pressure 
in the chambers of the heart by either the Hamilton manometer or by a simple 
saline'manometer of the type commonly used for A'enous pressure measure- 
ments. The level of the right atrium Avas considered to be 5 cm. beloAA- the 
4th costochondral junction. Oxygen consumption Avas determined by col- 
lecting a sample of expired air in a Douglas bag and analyzing its content by 
the method of Haldane.^'’ From these data the cardiac output Avas calculated 
utilizing the Fick principle. 

The safety and utility of the methods used in this study have been demon- 
strated by their extensive use in seA'cral laboratories. In this laboratorj" 
over 420 catheterizations have been carried out Avithout any serious untoAvard 
effects. Local A-enous thrombosis at the site of the incision of the vein may 

* Obtained from the U. S. Catlietcr .and Instrument Companj', Glenn Falls, N. Y. 
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occur, but the vein is usuallj’- recanalized in 2 to 3 weeks, and several subjects 
have had multiple catheterizations carried out. Considerable care and gentle- 
ness in manipulation are required to obtain satisfactory results. If adequate 
novocainization is maintained, observation of the type recorded here may be 
made with the patient quiet and relaxed. 

Observations. Patients 1 through 4 were subjects who had no e^ndence of 
congenital heart disease. Patients 5 through 8 were -diagnosed clinically as 
hawng an atrial septal defect. Table 1 is a summary of the data obtained in 
the study of these patients. 

The table contains two values for the cardiac index (the cardiac output per 
sq. meter of bodj"^ surface). The first is that calculated, as is usually done, 
utilizing a sample of blood from the right atrium to determine the oxj'gen 
content of mixed venous blood. The second value was calculated using the 
average oxj^gen content of the blood from the superior and inferior cavfe as 
the o.xj’-gen content of mixed venous blood. In the patients without eiddence 
of congenital heart disease the cardiac indices obtained by the 2 methods 
agreed very well because the blood in the right atrium was a mixture of that 
from the superior and inferior cavae. In the patients with the clinical picture 
of atrial septal defect the 2 methods gave very different results. The finding 
that the oxj’^gen content of the atrial blood was higher than that of the blood 
from the superior and inferior cavae demonstrated that oxygenated blood, as 
well as the blood from the cavae, was entering the right atrium. 

The clinical data on Patients 5 through 8 follow: 

Patient 5. A 32 year old colored woman was admitted to Grady Hospital 
in March, 1944 because of increasing dyspnea of 2 years duration, which had 
finally reached the stage of orthopnea. Examination on admission to the 
hospital revealed enlargement of the heart to the left in the 3rd to 5th inter- 
costal spaces, a ver3' loud harsh systolic murmur over the entire precordium, 
maximal in the 2nd intercostal space just to the left of the sternum. Over 
this area there was a distinct sj'stolic thrill. There was no diastolic munnur. 
The pulmonic second sound was markedl3’' accentuated. There was moderate 
edema of the lower extremities. Roentgen ray examination (Fig. 1) at this 
.time revealed that the heart was marked^' enlarged, chiefly to the left (total 
transverse diameter of the heart 15.9 cm., total transverse diameter of the 
chest 26.6 cm.). The diaphragms were somewhat elevated. The aortic knob 
appeared h3’-poplastic, and the left heart border below the aortic knob bulged 
outward. Moderate dilatation and striking pulsation of the major branches 
of the pulmonar3’- artery were noted. The anterior bulging of the heart in the 
left anterior oblique position was interpreted as enlargement of the right 
heart chambers. The left atrium was not dilated. An electrocardiogram 
showed only a tendency toward right axis derdation. 

After remaining in bed for several days and receiving digitalis and diuretics, 
the condition of the patient improved. It was noted that the murmur had 
diminished considerabb”^ in intensity and harshness. At this time the studies 
summarized in Tables 1 and 2 were performed. In an effort to study the 
factors influencing the flow of blood through the septal defect, the right 
atrial pressure was elevated 83’^ means of a rapid intravenous infusion of ph3’^sio- 
logic saline solution. This produced no significant change in arterial 0X3'gen 
saturation, which might have been expected if the elevated right atrial pres- 
sure had caused blood to be shunted from the right side of the heart to the 
P^^cing the patient in the left lateral position with the head down 
and the intravenous injection of 0.16 mg. of epinephrine also failed to produce 
change m arterial ox3-gcn saturation. 

Reexamination of the heart bx' Roentgen ra3' at this time (2 weeks after the 
hrst examination) showed a decrease in the transverse diameter of the heart 
(total transverse diameter of the heart 12.7 cm., total transverse diameter 
01 the chest 24.3 cm.). There was no change in the appearance of the pulmo- 
narx' arterx-. 

On most recent examination {Fcbruar3’', 1945) the patient’s condition and 
plu'sical findings xverc esscntiallx' unchanged. 
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The diagnosis of an uncomplicated atrial septal defect was made. . 

Patient 6. A 68 year old colored female was admitted to Grady Hospital 
in 1941 because of sj^ptoms related to diabetes mellitus. Although she had 
no sjmiptoms referable to the cardiovascular system, the heart was enlarged 
and there was a systolic murmur best heard over the 3rd and 4th left inter- 
costal spaces near the sternal border. The pulmonic sound was accentuated. 
Roentgen examination revealed that the heart was markedlj’’ enlarged in 
the tralisverse diameter, chiefly to the left side (total transverse diameter 
of the heart 15.9 cm., total transverse diameter of the chest 25.6 cm.). The 
aorta was somewhat elongated and the aortic knob was prominent. The 
pulmonarj’^ artery appeared markedly dilated and showed on fluoroscopy 
considerable expansile pulsation. There was no enlargement of the left 
atrium. The right chambers of the heart were found to be enlarged on fluoro- 
scopic examination in the oblique positions. 


Table 1. — Semxiaby of Obsehvatioks on Patients With and Without 
Atrial Septal Defect 


Superior 

Patient and diagnosis vena cava 

1— Broncliosenic carcinoma, hypo- 

chromic anemia .... G 9 

2— — Normal 16.5 

3— Hjiiertensive vascular di.®ease, 

cerebral thrombosis . . . 14.4 

4— Rheumatic heart disease with 

mitral stenosis, anemia . . 8.2 

Average— Patients without atrial 
septal defect ...... 11.5 

5— Atrial septal defect . . . . 10.4 

6— Atrial septal defect . . . . 10.1 

7— Atrial septal defect . . . . 13.4 

.Average— Patient.® with uncompli- 
cated atrial septal defect . . 11.3 

8— Atrial septal defect with pul- 

monaiy vascubr disease . 7.9 


Oxygen Cardiac index* 
0.xygcn content of blood (vols. %) consump- Oilers per min. 

— — — tion per sq. m.) 

Right Inferior Right Left Femoral (cc. per min. . » 


atrium 

vena cava ventricle 

atrium 

artery 

per Bq. m.) 

A 

B 

6.5 

5.9 



10.8 

179 

4.2 

4.2 

16.4 

17.2 



19.5 

123 

4.0 

4.5 

14.2 

15.0 







6.3 

6.8 

•• 


13.7 

165 

2.2 

2.7 

10.9 

11.2 



14.7 

156 

3.6 

3.8 

12.1 

9.5 

12.8 


14.1 

116 

5.8 

2.8 

13.7 

12.0 

14.1 


14.8 

136 

12.4 

3.0 

16 9 

13.4 

•• 

18.8 

18.7 

154 

8.5 

2.9 

14.2 

11.6 

•• 


15.9 

133 

8.9 

3.1 

12.4 


12.1 


13.0 

181 

30.0 

3.5 


• A— Oxygen content of right heart blood used in calculating cardiac output, 

• B— Average content of superior and inferior vena caval blood used in calculating cardiac output. 


Table 2. — Additional Hemodynamic Data ox Patients With Atkial 

Septal Defect 

Pressure 


Patient 

Arterial 

oxygen 

saturation 

(%) 

5 

. . 92 

6 . , 

. . 88 

7 . 

. - 91 

K . . 

. . . 07 


Right 


Right 

ventricular 

atrial 


(mm. water) 


0 

40 

GO 

41 

15 


180 

112-146 


Femoral arterial 


Syst./Diast. 

Mean 

Mm. Hg 


122/00 

81 

140/60 

87 

110/60 

76 

151-100/91 

111 


Reexamination after 18 days of hospitalization disclosed a striking dimi- 
nution in the transverse diameter of the heart (total transverse diameter of 
the heart 12.9 cm., total transverse diameter of the chest 2.5 cm.). There 
was no change obsen-ed in the appearance of the pulmonary artci^' or aorta. 

The patient was readmitted in April, 1944 for special study. There were 
?till 110 complaints referable to the cardiovascular system. The physical 
fincimgs were tlic same as previously noted'. Fluroscopic and radiographic 
stuciic.s showed no significant change since the preHous examination. An 
elcctroeardiogr.am showed right a.xis deviation. The results of studies at 
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this time are recorded in Tables I’and 2. With the patient tilted to the head 
down position there was no significant change in arterial oxygen saturation. 

The diagnosis of an uncomplicated atrial septal defect was made. 

Patient 7. A 44 year old white male was admitted to Grad 3 '^ Hospital 
in March; 1944 for special study of the cardiovascular system. He had exper- 
ienced dyspnea on exertion for the past 9 years, and occasional attacks of 
paroxysmal nocturnal dyspnea and orthopnea for the past 3 years. 

The heart was found to be enlarged to the left in the 3rd through the 6th 
intercostal spaces. The rhythm was regular; a low pitched, soft systolic 
murmur was heard over the 3rd and 4th intercostal spaces. The pulmonic 
second sound was greater than the aortic second sound. No diastolic murmur 
was heard. No other abnormalities were detected. 



Fig. 2. — TeleorocntReiioRram of the chest of Patient 7. 


Roentgen examination (Fig. 2) revealed enlargement of the cardiac sil- 
houette toward the left side (total transverse diameter of the heart 15.2 cm., 
total transverse diameter of the chest 29.8 era.). The aortic knob was slightly 
shortened. The major branches of the pulmonary artery revealed only slight 
accentuation and did not show anj" unusual pulsation. Fluoroscopically 
enlargement of both ventricles was demonstrated. There was no enlargement 
of the left atrium observed. An electrocardiogram showed only right axis 
deviation. 

The results of the special studies on the circulation are recorded in Tables 
1 and 2. On 2 occasions the tip of the catheter was advanced so that it first 
passed to the left from its position in the right atrium, and then headward 
to fonn a reversed J shape on fluoroscopic visualization. The pressure at 
this time was found to be from 0 to 15 mm. of water, using the same reference 
point as previously, while that in the right atrium was —10 mm. of water. 
On being tilted in the head down position the arterial blood remained normally 
saturated with oxj’gen. 
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The diag)wsis of an uncomplicated atrial septal defect was made. 

Patient 8.* A 39 year old white male was admitted to Grady Hospital in 
February, 1945. At the age of 12 he had been told that he had a heart murmur. 
There was no history of rheumatic fever. At the age of about 26 slight dyspnea 
on exertion first appeared. This had become progressively more severe and 
for the past 7 years he had been having occasional attacks of nocturnal dyspnea. 
One year before admission his physician performed several phlebotomies 
because of polycjdhemia. 

On admission to the hospital he appeared to be slightly dyspneic while 
lying quietty in bed. There was moderate cjmnosis. The heart was markedly 
enlarged to the left and right. There was a loud rough .systolic murmur 
over the entire precordium, heard best at the apex and almost completely 
replacing the first heart sound. At times a low-pitched, rumbling, late diastolic 
murmur was audible at the apex. The pulmonic second sound waS accent- 
uated and was louder than the aortic. The rhythm was regular. There was 
no clubbing of the extremities. 

Roentgenologic examination revealed that the heart was markedly enlarged 
(total transverse diameter of heart 20.2 cm., total transverse diameter of 
chest 28.1 cm.). The right ventricle was quite prominent and its pulsations 
were of increased amplitude. The aortic knob appeared shortened. The 
pulmonari’- arter 3 ' segment of the left heart border was markedly protruding 
and its pulsations were more prominent than usual. The large intrapulmonary 
branches of the pulmonary artery were dilated. Some of these branches 
showed a moderatelj'^ increased pulsation, whereas others had practically no 
pulsatory volume changes. The left atrium was questionably enlarged. There 
was no definite intracardiac calcification demonstrated. 

The diaphragms were low in position and showed normal motility. Fibrosis 
was seen throughout both lower lung fields. 

An electrocardiogram showed evidence of marked right axis deviation. 
Special studies on the circulatory dynamics are summarized in Tables 1 and 2. 
In addition, the arterial O 2 saturation rose from a control level of 67 to 88 % 
after the patient breathed pure oxygen through a B. L. B. mask for 10 minutes. 

The diagnosis of atrial septal defect complicated by pulmonary arterial 
disease and possibly by mitral stenosis (Lutembacher syndrome) was made. 

Discussion. Detailed studies of the clinical and pathologic picture 
of atrial septal defect are available.--^-^- The patients reported here 
fit well in all respects. They were all adults, varjdng from 32 to 71 
years in age. One patient denied any symptoms referable to the 
cardiovascular system (Patient 6). The remaining 3 had noted 
dyspnea and palpitation on exertion for j'ears and, by the time they 
were seen in the hospital, had some evidence, of congestive heart 
failure. All 4 patients had physical signs denoting cardiac enlargement. 
All had a systolic murmur heard along the left border of the sternum 
from the 2nd to the 5th Intercostal spaces. We were impressed by 
the variation in intensity and quality of this murmur.. After pro- 
longed bed rest it was often faint and only moderately harsh, but 
after even mild exercise it would become much louder and harsher, 
often accompanied by a thrill. In all patients the pulmonic second 
sound appeared to be accentuated. Only in 1, Patient 8, was a diastolic 
murmur audible. This same patient was the only one exhibiting 
cyanosis, and in this instance there was evidence of complicating pul- 
monary arterial^ disease. All patients showed evidence of right axis 
dc% lation in their electrocardiographic tracings. 

* referred to us by Dr. J. C. Massoo for the special studies 

rc;>orte<i hero. 
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The roentgenologic findings in Patients 5 and 6 correspond to the 
classical description of atrial septal defect given by Roeslerd-''^ The 
characteristic features are marked dilatation and increased pulsation 
of the pulmonary artery, shortening of the aortic knob and marked 
enlargement of the right heart chambers. Any of these features may 
be less pronounced or even absent. Thus in Case 7 the pulmonary 
artery was only slightly prominent and did not show remarkable 
pulsation (Fig. 2). On the other hand, one or more of these character- 
istic roentgenologic signs may be encountered in other forms of heart 
disease, such as patent ductus arteriosus, cor pulmonale, and rheumatic 
heart disease. It is for this reason that corroborative clinical and 
laboratory evidence is necessary for the diagnosis of atrial septal defect. 

Roesler^’ differentiating atrial septal defect and patent ductus 
arteriosus, states that the heart is generally much larger in the former. 
A similar opinion with regard to cor pulmonale is expressed by Rigler 
and Hallock,^” though these authors believe that the distinction be- 
tween these two conditions depends largely on history and physical 
signs. It was striking to us that the transverse diameter of the heart 
in Patients 5 and 6 was markedly and rapidly reduced after treatment 
of the congestive failure (Fig. 1). Therefore, the characteristic “large” 
heart was no longer an important feature in differential diagnosis. 
The concept of the large heart in atrial septal defect is probably based 
on observations of patients in cardiac failure and on autopsy reports. 
With newer diagnostic methods it is likely that atrial septal defects 
may be recognized in patients with little or no cardiac enlargement. 




ATRIAL SEPTAL DEFECT 


Fig. 3.— Diagram representing a summary of observations on 3 patients witli uncom- 
plicated atrial septal defect and 4 patients without evidence of septal defects. The 
approximate site of obtaining the various specimens is shou-n by the following: S.V.C , 
superior vena cava; R.A., right atrium; I.V.C., inferior vena cava; L..4., left atrium; 
R.V., right ventricle; A., arterial. 


In recent years angiocardiography has contributed a great deal to 
the roentgenologic analysis of cardiac configuration and determination 
of the size of single heart chambers. The interatrial shunt is, however, 
only occasionally demonstrated with angiocardiography, and even 
then with diffieulty and not unequivocally.'^ The chik difficulties 
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are said to be slow injection of the radiopaque material, passage of 
the injected material into the inferior vena cava, and transient increase 
in right atrial pressure stopping or reversing the flow through the 
defect. The latter effect may indeed become helpful in that it will 
give evidence of the presence of the defect. 

The results of the analysis of the oxygen content of vena caval and 
atrial bloods in Subjects 1, 2, 3 and 4 are essentially what one would 
expect in a person with a normal heart (Fig. 3). None of these patients 
had clinical evidence suggesting atrial septal defect. It is to be noted 
that the average value for the oxj'gen content of right atrial blood in 
these patients was 10.9 volumes %, in contrast to 11.5 and 11.2 volumes 
% for the superior and inferior vena cava respective^. We feel that 
inadequacy in sampling of the inferior vena caval blood best explains 
why this value for atrial blood appears to be slightly lower than one 
would theoretically anticipate. The hepatic veins, which normall)- 
carrj’- a rather large amount of quite deoxj'genated blood,*’' empty 
into the inferior vena cava at a point so close to tlie heart that when 
the catheter tip is in a position definitely within the inferior cava, it is 
possibly below the point of drainage of the hepatic veins. As a matter 
of fact, at times the hepatic veins may empty directly into the right 
atrium. This position of the catheter below the hepatic veins would 
fail to take into account the large amount of blood with a low ox}'gen 
content coming from the liver. Thus one is not surprised that the 
actual value obtained on atrial blood may be slightly lower than 
that from either vena cava. Another potential source of error in 
sampling of the inferior vena cava is the existence of streams of blood 
with a high oxj’gen content coming from the renal circulation.*® 

In Patients S, 6, 7 and 8 (Fig. 3) there was clinical evidence sug- 
gesting the diagnosis of atrial septal defect. The average oxj'gen 
content of the right atrial blood obtained from tire 3 patients with 
apparently uncomplicated atrial septal defect was 14.2 volumes % in ' 
contrast to values of 11.3 and 11.6 for blood obtained from the 
superior and inferior vena cava respectively. This demonstrated that 
oxj'genated blood was actually entering the right atrium, presumably 
passing from the left atrium to the right atrium through the septal 
defect. The fact that blood obtained from the right ventricle had 
essentially the same 0 XA’'gen content as tliat from the right atrium 
gave definite proof that there was a real shunt and indicated that 
tlie results obtained on atrial blood were not due -to passage of the 
catheter partially through the septal defect. In Patient 7 the tip of 
the catheter apparently did pass through the septal defect into the 
left atrium. Blood obtained from this site had the same oxj’gen 

content as that of a simultaneously obtained specimen from the femoral 
artery. 

. P^^sible confusing factor in these studies is tlie uncommon anomaly 
m v Inch one or more pulmonary veins empty into the right side of 
le heart rather than into the left side as they normally do.* hlost 
requentl.v such anomalous channels empty into the superior vena cava 
and vould, therefore, be distinguishable from atrial septal defect. 
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If the rare situation did exist when the pulmonary vein did empty 
into the right atrium, there would be blood oxygen changes identical 
to those seen in atrial septal defect. 

The cardiac output values are of interest. Since, in the presence of 
atrial septal defect, much of the output of the right side of the heart 
returns to the right side of the heart, it is obvious that the output of 
the 2 ventricles is not equal. If the Pick principle is utilized in the 
usual way in patients with atrial septal defect, the value obtained 
is that for the output of the right ventricle. If, on the other hand, 
a value for oxygen content of mixed venous blood is obtained from 
the average of the oxygen content of blood from the 2 vente cavee, 
we obtain an approximate value for the output of the left ventricle 
(Table 1). It may be noted that the values obtained for the output 
of the left ventricle by such means are in the range of normal subjects 
obtained by the catheter method.'^” These data give some idea of 
the functional size of the shunt. In all of our patients the output of 
the right ventricle was at least twice that of the left. This is an 
interesting datum when one speculates as to the various factors which 
control the output of the heart. Although the atrial pressure in the 
two sides of the heart (vide infra) is not greatly different, one is pump- 
ing over twice as much blood as the other. A satisfactory explanation 
for the left right shunt has not been offered. 

It is usually stated that the blood flows from the left side of the 
heart to the right because of the difference in pressure within the two 
chambers. In Patient 7, where the catheter apparently entered the 
left atrium, the pressure as measured in the two atria appeared to 
differ by 10 to 25 mm. of saline. Accurate measurements of this dif- 
ference are almost impossible because of the velocity of flow from one 
to the other and changes produced by respiration. Uliley*'^ has sug- 
gested that the blood flows from the left atrium to the right because 
of the relative position of the two chambers. He points out that the 
left atrium is more cephalad than the right with the patient in the 
upright position. The plane that separates them is horizontal, rather 
than vertical as is usually supposed. He also notes that most of the 
difficulty in patients with this type of defect comes in adult life, when 
the patient is more often in tlie erect position. We have investigated 
Uhley’s suggestion by attempting to reverse the flow through the 
defect by standing the patient in the head down position. If the 
flow from left to right is actually a result of gravity reversing the 
position of the body should reverse the flow by placing the right atrium 
above the left. This was tried in 3 patients by supporting them in 
the head down position. We failed to find any change in arterial 
oxygen saturation while in this position. If right to left flow had 
occurred, venous blood would have been shunted into the arterial 
system, with subsequent diminution in arterial oxA'gen saturation. 

In 3 patients, pressure tracings were obtained from the right ven- 
tricle. In 2 instances these were slightly, but probably not signifi- 
cantly, higher than similar tracings obtained in normal subjects in 
this laboratory'^ and elsewhere.'" These pressure measurements, 
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plus those from the right atrium, failed to give any. evidence of insuf- 
ficiency of the tricuspid value. In Patient 8 the systolic pressure 
in the right ventricle varied between 112 and 146 mm. Hg. In this 
patient there was also marked arterial oxygen unsaturation, which 
was relieved to a large extent when the patient breathed pure oxj'gen. 
This observation indicated that there was difficulty in oxygenating 
blood in the lung, rather than an intracardiac shunt, as the cause 
of the arterial unsaturation. It has been noted previoush^ that atrial 
septal defect may be complicated bj- sclerotic changes and thrombosis 
of the pulmonary vessels.--® It was felt that probablj' Patient 8 had 
such changes in his pulmonary vessels. 

The elevated right ventricular pressure may, however, be due to 
other factors. In patients with emphysema and pulmonary fibrosis 
the right ventricular pressure has been found to be elevated.^® It 
has also been noted that in patients ivith mitral stenosis the right 
ventricular pressure may be abnormally' higli.^®-'® 

Hai'ing demonstrated that a left right shunt occurred in patients 
with the usual clinical picture of atrial septal defect, we have utilized 
the catheter technique to exclude the possibility of this lesion in 
patients with hypertrophy of the right ventricle and prominence of 
the pulmonary artery due to other causes, such as' cor pulmonale or 
pulmonic stenosis. 

It would be of interest to apply this method of study in patients 
with ventricular septal defect. In patients with an atrial septal defect 
the right ventricular and right atrial blood have essentially the same 
oxj'gen content. In the presence of a ventricular defect one would 
expect that the right ventricular blood would have a higher oxygen 
content than the right atrial blood because of admixture with oxygen- 
ated blood from the left ventricle. 

Sununary and Conclusions. Four patients with clinical evidence sug- 
gesting the diagnosis of atrial septal defect have been studied, utilizing 
the technique of right heart catheterization. The clinical and roent- 
genologic picture presented by these patients did not differ significantly 
from that described by others. 

The oxygen content of right atrial blood in normal subjects might be 
expected to be somewhere between the values found for superior and 
inferior vena cava blood, since blood in the right atrium is a mixture 
of blood from the vente cavoe. This has been verified in 4 normal 
subjects. On the contrary, right atrial blood from the 4 patients 
with atrial septal defect had a much higher oxygen content than 
blood from either the superior or inferior vena cava. This indicated 
actual shunting of arterial (oxygenated) blood from the left atrium 
to the right atrium. In 1 patient, the catheter apparently passed 
through the septal defect into the left atrium and the blood obtained 
had the same oxA'gon content as arterial blood. 

I he right ventricular pressure in 2 patients with uncomplicated 
atrial septal defect was 40 and 41 mm. Hg. This is probably not 
signmcantly above normal. In a .3rd it varied from 1 12 to 146 mm. Hg. 
In this patient there was additional evidence suggesting the jjres- 
ence of pulmonary arterial disease. 
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In all patients with a septal defect the output of the right ventricle 
appeared to be at least twice that of the left ventricle. 

The catheter technique offers a safe and useful method of differentiat- 
ing atrial septal defect from other causes of hypertroph}^ of the right 
ventricle and prominence of the pulmonar3^ artery-. 

Tlie authors are indebted to Dr. E. A. Stead, Jr., for Jiis adr-ice and lielp in this work. 
Miss Eloiso Gavin, Miss Maurine Giese, Mrs. Jane Bailey and Miss Lois .lackson gave 
valuable technical assistance. 
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IDIOPATHIC (?) HYPOPROTHROMBINEMIA 

Report of a Case 

By Y. Thomas Austin, M.D. 

depart.ment of internal medicine, carle hospital clinic 

AND 

Henry Quastler, ]M.D. 

DEPAUT.MEXT OF PATHOLOGY, CARLE HOSPITAL CLIXIC 

urbaxa, ill. 

We liai'e observed a hemorrhagic disease with a fatal outcome which 
we cannot identih- with ani' recognized pathologic entitj'. On analj-sis 
of the factors usually involved in pathologic bleeding, a severe hvpo- 
prothrombinemia was found. The prothrombin values showed phasic 
fluctuation not correlated with our therapeutic efforts. There was 
clinical evidence of liver damage at one time, and at autopsy we found 
granulomas, probabli- of tuberculous origin. However, we were not 
able to recognize in the clinical and pathologic findings any of the 
known mechanisms of prothrombin deficiency. Hence, we have classi- 
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fied this condition as idiopathic hj-poprothrombinemia; Because this 
case differs in certain essentials from the 4 previously reported cases 
of idiopathic hypoprotlirombinemia, as indeed the reported cases differ 
among themselves, we are not of the opinion that these 5 cases repre- 
sent a pathologic entity’. Nevertheless we feel that they should be 
grouped together pending the development of a more adequate knowl- 
edge of the prothrombin mechanism. 

Clinical Course. The patient, a white male, aged 56, was admitted to this 
hospital, Feb. 1, 1943, because of bleeding from the nasopharynx and into the 
tissues of the left leg and thigh of 2 weeks duration. The family history was 
negative, particularly in regard to hemorrhagic diseases. The past history 
was essentially negative except for unusual bleeding which attended a hemor- 
rhoidectomy on Oct. 31, 1942, and required suturing of bleeding points on the 
4th postoperative day. Further history of possible significance was the death 
of one of the patient’s pure bred bull dogs of leptospirosis in October 1942. 
Shortly after admission to the hospital further ecchymoses appeared over the 
right anterior chest wall. The physical examination was otherwise negative 
except for a sallow color and marked periapical dental sepsis with some bleeding 
from the gums. The hemoglobin measured 37 %. The patient was given a 
transfusion of 500 cc. of whole blood, and started on parenteral liver extract 
and liver and iron by mouth. His condition impi'oved steadily until Feb- 
ruar}' 17, at which time there was a recurrence of bleeding from the naso- 
phar 3 mx and massive hemorrhages into the calves of both legs, followed imme- 
diatelj'' bj' hematemesis and gross hematuria. On Februaiy 23, the serum 
appeared definite^ icteric. On Februar 3 '' 24, he suffered a severe reaction 
from a transfusion of 500 cc. of whole blood, and on February 26 became 
deepb’- jaundiced. The stools were not acholic. The liver enlarged 3 fingers 
below the costal margin, and the spleen became just palpable. There was 
diffuse abdominal tenderness interpreted as indicative of retroperitoneal 
bleeding. However, this might have been a manifestation of the retroperito- 
neal growth which was discovered at autopsy. 

As indicated in Figure 1, these events were accompanied by an extreme drop 
in the prothrombin and hemoglobin values and a sharp increase in coagulation 
time and icterus indices. During this crisis, treatment consisted of daily blood 
transfusions and intravenous glucose and saline. In addition, he was given 
parenteral S 3 mkamin (4-amino-2-methyl-naphthol h 3 'drochloride), 1 cc. ever 3 '^ 
4 hours for 10 doses, followed b 3 ' 1 cc. daily. The blood factors improved, the 
bleeding stopped, the fever and jaundice subsided, and there was gradual 
improvement for 1 month. 

On April 1, there was a recurrence of bleeding from the gums, vague abdom- 
inal pains, nausea and vomiting. After 2 transfusions, symptoms subsided. 
However, toward the end of the month there was another profound drop in the 
prothrombin values followed in a few days by another episode of widespread 
bleeding into the tissues. Blood transfusions were given almost daily there- 
after until the patient died on JuB’^ 19. A remission, with high prothrombin 
values occurred between Ma 3 ' 8 and 18, followed b 3 ' another peak of prothrom- 
bin values (this one, however, reaching onl 3 ' 45), another low, and a peak of 25. 
As the chart shows, the undulations of prothrombin values became shorter 
and sliallowcr. The bleeding became rurtualli' continuous despite therapeutic 
ciiorts which included parenteral vitamin IC, oral klotogen and bile salts, 
intravenous calcium gluconate, and multiple vitamins. 

On June 10, the patient was transferred to Belmont Hospital, Chicago 
(scrr’ice of Dr. 0. Richter). A sternal puncture was said to reveal normal 
marrow component.s. In addition to the above therapeutic measures the 
patient wa.s given fibrin and fibrinogen orallv, coanoth 3 -n (a ceanothiis extract), 
thromboplastin intraniuscularh’ and cobra venom. In spite of these efforts, 
bleeding could not be controlled, and on JuB’ 11 the patient returned to the 
Clinic. He was emaciated and there were widespread hemorrhages into the 
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tissues. There had been no further abdominal pains and there had been no 
cough at any time. On Juty 18, the signs and S 3 unptoms of a cerebral hemor- 
rhage appeared, and on the next daj' the patient died. 

Laboratory Studies. The more significant laboratoiy findings and a few 
clinical observations are charted in Figure 1. In addition thereto, a roent^ 
genogram of the chest was negative on February 16. The bleeding time 
(Duke), examined 5 times in Februarj’^, ranged from 1 min. 15 sec. to 4 min. 
The platelets, counted 4 times in Februarj”^, ranged from 198,000 to 277,000. 
The clot retraction observed on 4 occasions was uniform^ veiy poor. There 
was no increased fragility of the erj'throc 3 ’^tes on Februar 3 ’- 5. The tourniquet 
test was negative. The patient belonged to Blood Group III and was Eh- 
negative. There was no evidence of anti-Rh agglutinins on Februar 3 ' 26. 
The erythrocyte counts roughly paralleled the hemoglobin estimations with 
color indices of 0.75 to 1. Repeated leukoc 3 de counts ranged from 4850 to 
11,850 with no variations in the white cells which could not be accounted for 
on the basis of blood loss and absorption. The eiythroc 3 de sedimentation 
rates ranged froin normal to 80 mm. in 45 min. An anti-prothrombin assa 3 " 
on February 25 was carried out in the following manner: The patient’s blood 
was mixed with the blood of a normal control in equal parts. The prothrombin 
time of the control blood was 40 sec. The prothrombin time of the mixture 
was 60 sec. This limited prolongation rvas considered due to dilution and 
was not thought to indicate the existence of an excess of antithrombin or anti- 
prothrombin in the patient’s blood. The seroreactions for S 3 "philis and Weil’s 
disease were negative. The blood calcium measured 9.4 mg. %. On Febru- 
ar 3 ' 26, the total plasma protein was 6.04, the albumin 3.04 and the globulin 
2.37 gm. %. The fibrinogen was 0.63 gm. %. The blood urea measured 
98 mg. % on February 27, 42 on March 1 and 20 on Ma 3 '' 12. A bromsulpha- 
lein liver function test on Februar 3 ' 22 showed 5% retention of d 3 'e in 30 min. 
and 5 % in 1 hour. The Takata-Ara test was done on Febi’uaiy 27 and March 2 
and showed no precipitation in the first 3 tubes. Urobilinogeii was present 
in the urine and feces on February' 27. Urinalyses were not significant except 
for the episode of gross hematuria and the presence of occasional red cells and 
casts thereafter. 

Autopsy. There was e 3 'idence of old and recent hemorrhages, widespread 
throughout the subcutaneous, subpericardial, subendocardial and subperitorreal 
tissue. There was sonre fresh blood in the lungs, and in the intestines. The 
organs showed the changes characteristic of anemia. 

The lungs were hea’^y, their cut surface bluish pink, and the parench 3 una 
of onty the right middle lobe was noimal. There was a caseous area in the 
right lower lobe. Three areas of the lungs were examined microscopical^". 
The first section contained several t 3 "pical tubercles with giant cells in the 
center, epithelioid cells around them, and a wall of lymphoc 3 "tes at the periph- 
eiy (Fig. 2). The second section showed fibrosis, and a few fibrotic tubercles. 
The third showed frank intraalveolar hemorrhage, and, again, a few miliar 3 " foci. 
No tubercle bacilli were found in appropriate^ stained slides. 

The liver was slightty^ enlarged, and the interlobar septa more marked than 
normal. On microscopic examination, the liver cell columns were slight^' 
nanowed. In several areas there were small infiltrates in the center of the 
acini, some of them consisting of round cells, others chiefl 3 " of fibrous tissue 
(Fig. 3), some were lyalinized. The appearance and distribution of these foci 
suggested a portal-hematogeimus liver tuberculosis of some duration. 

Tumor masses were found in large number around the radix mesenteiy and 
also along the abdominal aorta, throughout the mediastinum, in the hilum of 
the spleen, in the parenclnma of the left kidne 3 ’, along the greater curvature 
of the stomach, in several areas of the intestinal wall, and in the tail of the 
pancreas. The masses could be separated from the spine; the 3 ' were hard, 
firm, white and did not show an 3 ' gross areas of necrosis. Several portions 
were examined microscopicalh'. One, from the tail of the jjancreas showed 
cells with sparse C3'toplasm and large nuclei embedded in a fibrillar stroma. 
The nuclei were round to oval, contain little chromatin, and sea'cral minute 
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Fig. 2. — Granuloma (tuberculous) in the lung. Giant cells of Langhans typo, epithelioid 
cells, peripheral round cell infiltration. Hcm.-cos., lOOX. 



Fig. 3.— Liver. Cell columns slif:htly narrowed. Fibrous tissue in the lower right 

corner. Hem.-eos., lOOX. 
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nucleoli. There were giant cells of the Dorothy Reed-Sternberg type: 3 to 6 
large, oval, fairty dark, denslj" packed nuclei. A few eosinophils were lying 
among the other cells, and there was a fair amount of mitoses present (Fig. 4). 
Another portion of the tumor showed a few giant cells, but mostl}’’ cells of the 
endothelial tj^pe and fibroblasts. There were areas of purely fibrous tissue, 
some of which wei-e h 3 ’^alinized. In still another portion, there were chiefly 
fibroblasts (Fig. 5) . A fourth one showed mainly fibroblasts, small cells, and 
amorphous tissue which did not give the amyloid reaction. No mitoses were 
seen in this area (Fig. 6). No tubercle bacilli were found on appropriately 
stained slides of several pieces of tissue. The head was not examined. 

Pathologic Diagnosis. Hemorrhages and anemia. Granuloma (probably 
tuberculous) of lungs, liver, IjTOph nodes. Hodgkin's sarcoma. Possibly 
sarcoidosis. 



Fig. 4. Tumor mass in the tail of the pancreas. Giant colls of Dorothy Reed-Sternberg 
typo, and cells of epithelioid character. Hem.-eos., 230X. 

The pathologic findings, however remarkable, seem inadequate to 
account for the clinical course of our patient. We may assume that 
he had a clinicalh' latent tuberculosis of the abdominal h'mph nodes, 
followed in hebruart' 1943 by a portal-hematogenous dissemination 
to the liver, and from there to the lungs. This would account for the 
episode of hepatic jaundice, as well as for the findings of fibrous tuber- 
cles in the liver and lungs. That there was no significant involvement 
of the lungs prior to this time is evidenced by the negative chest radio- 
gram obtained on Februarj' 16. There must have been at least one 
more dissemination shortl.v before death as indicated bj' the presence 
of acute changes in the lungs. This phase was obscured clinically by 
the grave complications of repeated hemorrhages. 
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Fig. 5. — Tumorous lymph node. Sparse giant cells, epithelioid colls, and many 
fibroblasts. Hem.-eos., 230X . 



Fig. 6.— Partly hyalinired b-mph node. Hem.-eos., lOOX, 
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That tuberculosis and new-growths of sarcoma type may be related 
is borne out by some references to standard works. Schridde’® de- 
scribes a diffuse tuberculosis of the lymph nodes with hyperplasia of 
endothelioid cells. Pie finds this condition difficult to distinguish from 
sarcoma, the differentiation resting on the finding of typical tubercu- 
losis elsewhere in the body, the occasional giant cell and on guinea pig 
inoculations. BelP notes that "diffuse tuberculosis of the lymph 
nodes leads to confusion with sarcoma” and further that “difficulties 
are encountered in differentiating some cases of Plodgkin’s disease 
from sarcoma, largely because the recognized types of malignant 
lymphomas are not sharply separable.” Ewing® emphasizes the rela- 
tionship of lymphosarcoma to Hodgkin’s disease, and of both to 
tuberculosis. He mentions several cases wherein two or all three of 
these conditions were found in intimate association. He also refers to 
the rather frequent discovery of tubercle bacilli in lesions supposed to 
be purely sarcomatous. While recognizing the morphologic entities, 
Ewing assumes that both Hodgkin’s and reticulum cell sarcoma can 
be caused by tubercle bacilli. The growth tendency, developed under 
the influence of tuberculo-toxins, can become autonomous and persist 
independent of the original stimulus. The case here reported belongs 
to the group of patients with a granuloma (probablj^ tuberculous) 
associated with endothelial growth. Whether this growth should be 
called hyperplastic or neoplastic, we do not feel competent to decide. 
In either case, a causal relationship may be assumed. , 

We do not, however, recognize a definite connection between the 
hypoprothrombinemia and the other pathologic conditions. Sheely*'^ 
claimed that the blood prothrombin tends toward lower levels in 
pulmonary tuberculosis. None of his 106 patients, however, had pro- 
thrombin values nearly as low as our patient. Furthermore, Gyntel- 
berg and Dam’ could not find any significant decrease of prothrombin 
in tuberculous patients with Hemoptysis. Neoplastic diseases, in 
general, do not decrease the prothrombin values either. Some studies 
on blood coagulation in neoplastic diseases have been done, but they 
are isolated and their results controversial.’® 

Hypoprothrombinemia is known to occur in 3 well-defined situa- 
tions.’’’”-’’ ’^ First, in vitamin K deficiency, either primary or secon- 
dary due to faulty absorption from the intestinal tract. Second, in 
poisoning with dicoumarin and chemicallj" related substances (salicyl- 
ates®"). Third, in severe liver damage. In addition, 4 cases have 
been described as "idiopathic hypoprothrombinemia” which do not 
fit into any of the 3 recognized groups.--®'®’’® Here we can exclude 
vitamin K deficiency as causative factor by the lack of any evidence of 
malnutrition, and by the therapeutic failure of several vitamin Iv 
preparations, ^^e can also dismiss the possibility of drug causation 
because the patient did not receive salicylates or any other drugs in 
significant amounts for a significant period of time. 

The possibility of liver damage causing the hypoprothrombinemia 
in our case requires a more detailed discussion. About 1 of 6 patients 
with hypoprothrombinemia is vitamin K-fast’-’® and, as a rule, these 
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cases show severe liver damage: acute yellow atrophy, cirrhosis,^” 
metastases,^- cholangitic cirrhosis, pylephlebitis with multiple liver 
abscesses, gas bacillus infection of the liver,^ and so on. IMild hepatitis 
is often accompanied by moderate hypoprothrombinemia which 
responds favorably to therapeutic measures designed to improve the 
liver function. In animal experiments, only very severe damage to the 
liver causes significant hypoprotlirombinemia; i. e., resection of two- 
thirds or all of the liver, and long-sustained chloroform anesthesia.^'’-^-* 

There are two significant reasons why we feel our patient’s hypo- 
protlirombinemia could not have been due to liver damage. First, the 
amount of liver damage found at autopsy was small. Second, the 
timing of the hypoprotlirombinemia and the manifestations of liver 
damage does not bespeak a causal relationship between the two 
processes. At autopsy, the liver showed some fibrous foci which were 
interpreted as residual changes of a portal-hematogenous liver tubercu- 
losis. The liver parenclij^ma as a whole showed very little evidence 
of damage; not more, in fact, than we are accustomed to seeing in 
individuals who die after an illness of several months duration. This 
liver (Fig. 3) does not at all compare with those reproduced by Rhoads” 
where more than one-half of the liver parenchyma was definitely 
destroyed. It does compare, however, with the liver showing only 
slightly narrowed cell columns found in a case of idiopathic hypo- 
prothrombinemia.” 

The patient had 1, possibly 2, severe spells of pathologic bleeding 
before any liver damage became manifest. The liver function test 
on February 22, before icterus had developed, gave a negative result. 
The icterus subsided, but 'the bleeding spells, with marked delay of 
prothrombin time, kept recurring. After episodes of bleeding, the 
patient occasionally became subicteric, without again showing signs of 
intrahepatic jaundice. Thus, the episode of intrahepatic jaundice, in 
February and March, began after the bleeding tendency was fully 
developed, and ended without terminating the hypoprothrombinemia. 

After having eliminated the three recognized causes, or groups of 
causes, of hypoprothrombinemia, viz., vitamin K deficiency, dicoumarin 
poisoning, and severe liver damage, we compare our case with the 

4 other published cases of hypoprothrombinemia of unknown origin. 
All 5 cases showed severe hypoprothrombinemia with spells of patho- 
logic bleeding, all were vitamin K-fast, none showed any evidence of 
serious liver impairment, and all had normal platelets. Here, how- 
ever, the consistency ceases. Important facts of the histories of the 

5 cases are tabulated below, and the discrepancies are evident at a 
glance. 

The onset of symptoms occurred in early youth in Cases 1, 2, 3 and 4; 
in adult age in Case 5. The course was chronic in the former cases; 
subacute in the latter. The family history was negative in Cases 1 , 2 
and 5; positive in Cases 3 and 4. The venous coagulation was nonnal 
in Cases 3 and 4; delayed in Cases 1, 2 and 5. The clot retraction was 
not e.\-aniined in Case 1; it was normal in Case 4. slightly delayed in 
Case 3, sometimes normal, sometimes poor in Case 2,' and always 
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poor in Case 5. The bleeding time was normal in Cases 1, 3 and 5; 
sometimes prolonged in Cases 2 and 4. The tourniquet test was not 
reported in Case 1 ; it Avas negative in Cases 2, 4 and 5, and positive in 
Case 3. Concluding, there are no 2 cases which show identical charac- 
teristics in regard to these important factors. It would seem, there- 
fore, that these cases termed “idiopathic hypoprothrombinemia” 
represent more than one disease. However, we feel that attempts to 
differentiate should be postponed until more cases are recorded, and 
more is known about the nature of prothrombin, and the mechanism 
of its production. 


T-^ble 1. — Cases or Hypoprothbombinemia of Unknown Etjoeoqy 


Case 

No. 

Author 

Age at 
onset 

Family 

history 

Course 

Coagu- 

lation 

time 

Clot 

retraction 

Bleeding 

time 

Toumi- 

l)UPt 

lest 

1 

Beard 

Infancj- 

Negative 

Chronic 

Dcla3'ed 

Not reported 

Normal 

Not rep. 

2 

Rhoads and 
FitJ-Hugh 

Infancy 

Negative 

Chronic 

Dclaj'ed 

Sometimes normal, 
foroelimcs poor 

Sometimes normal, 
sometimes pro- 
longed 

NtR. 

3 

Giordano ■ 

5 years 

Positive, 

bisexual 

Chronic 

Normal 

Slightly delayed 

Normal 

P03. . 

4 

Murphy and 
Clark 

4 years 

Positive, 

bisexual 

Chronic 

Normal 

Prompt 

Frenucntly pro- 
longed 

Neg. 

5 

Authors 

SCyears 

Negative 

Subacute 

Belayed 

Poor 

Normal 

Ncg. 


Summary. 1. A case of hj'poprothrombineniia has been presented. 
The disease occurred in an adult male, progressed in spells, and led to 
death within a few months. 

2. Three recognized groups of causes of hypoprothrombinemia, viz., 
vitamin K dehciency, Ticoumarin poisoning, and severe liver damage 
were ruled out. Hence, the case was classified as “idiopathic hypo- 
prothrombinemia . ’ ’ 

3. A comparison of the case here reported with previously reported 
cases showed certain fundamental differences which would seem to 
indicate that “idiopathic hypoprothrombinemia” is not a disease 
entitA'. 
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APLASTIC ANEMIA TERMINATED BY REMOVAL OF A 
MEDIASTINAL TUMOR 

By George H. Hiemphreys, II, M.D. 

AND 

Hajiilton Southavorth, M.D. 

NEW YOBK, N. Y. 

(From the Department of Surgery and the Department of Medicine, Presbyterian 
Hospital; and the College of Physicians and Surgeons, Columbia University) 

Tumors of the anterior mediastinum may arise from a great variety 
of structures and their origin is sometimes obscure. Heuer and Andrus^ 
have called attention to their diversity and to the fact that many are 
resistant to radiotlierapy, but removable surgically without great diffi- 
culty With the exception of tumors of aberrant parathyroid^ and those 
arising from the thymus^ there are no known mediastinal tumors 
which have general effects. Tumors apparently associated with 
anemia, either through influencing blood formation or its destruction, 
have been reported. Opsahl" described a patient with myasthenia 
gravis ivlio developed aplastic anemia and ivho at autopsy was found 
to have a thymic carcinoma; it is not certain, of course, whether this 
patient’s anemia was directly related to the tumor. On the other 
hand, West-Watson and Young® and Singer and Dameshek® have 
each reported a single instance in which a severe anemia was relieved 
following extirpation of a tumor. In both instances the anemia was 
of the hemolytic type and the neoplasm was an ovarian teratoma. 

Anemia due to hypoplasia of the bone marrow with failure of regen- 
eration of erythrocytes, but no great leukopenia, has been described 
in infants by Diamond and Blackfan.® These children resisted all 
treatment and could be maintained by repeated transfusions only, 
but none were associated with any evidence of tumor. Similar types 
of anemia, also without associated tumor, have been described in 
adults by hlackey® and Kark.^ In the adult cases, excessive storage 
of blood pigment in liver and other organs followed prolonged main- 
tenance by blood transfusion and resulted in a terminal picture of 
hemochromatosis. 

The patient whose history is presented here, had a tumor of the 
anterior mediastinum which appeared to be benign and of epithelial 
origin. She at no time exliibited any symptoms of myasthenia. Fol- 
lowing removal of this tumor the patient’s ability to build red blood 
cells, Avhich had been practically absent for 18 months before opera- 
tion, returned dramatically to normal. One year after operation 
the patient developed an apparently trivial infection, after which 
there appeared ascites, liver enlargement followed by jaundice and 
dcath._ Autopsy revealed no evidence of tlie original tumor and an 
extensive deposit of blood pigment in many viscera suggesting hemo- 
chromatosis. This very unusual combination of events warrants 
publication of a single case in detail. 
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Case History. A 58 year old housewife was admitted' to the Presbyterian 
Hospital for the first time on September 30, 1941, having been sent in by her 
own physician because of persistent anemia. In 1936 she had pneumonia, 
which was followed by a mild persistent cough. On October 7, 1938 she first 
consulted her doctor for a “bronchial cold” with increase of cough, but no 
fever or hemoptysis. Roentgenogram of the chest showed^a large, sharply 
demarcated, round mass protruding from the mediastinum into the left upper 
lung field. Between October 29 and November 23, 1938 she was given 1600 
R units of radiotherapy. Symptoms of cough subsided and remained absent 
for 3 months. Cough then reappeared, and between February 4 and March 
31, 1939 she received 1100 R units divided equallj' between anterior and 
posterior mediastinal fields. No significant change in the size of the mediastinal 
mass could be demonstrated by roentgenogram. 

The patient then felt well until December, 1940 when she developed weak- 
ness, fatigability and dyspnea. Her local doctor found her to be extremely 
anemic (hemoglobin 28%) and admitted her to St. Elizabeth’s Hospital, 
where roentgenograms suggested that the mediastinal shadow had increased 
somewhat in size. Three transfusions of 500 cc. were given and she was dis- 
charged considerably relieved. She then received 8 indirect blood transfusions 
of 500 cc., on an average of everj' 3 to 4 weeks. At the same time she took 
liver extract, thiamin, iron, pentonucleotide and estrogenic hormones with no 
effect on the anemia. 

Examination on admission to the Presbyterian Hospital showed an extremely 
pale, somewhat obese, middle-aged woman with no evidence of organic 
disease, other than dullness to percussion with diminished breath sounds 
over the left parasternal area above the area of cardiac dullness, extending 
9 cm. to the left in the 3rd and 4th interspaces. There was a moderatelj^ 
harsh systolic murmur, presumably hemic, at the cardiac apex and transmitted 
to the base. 

Lahoratory examination: hemoglobin 1.5 gm. (10%); R.B.C. 1,000,000; 
W.B.C. 10,000 with neutrophils 48 (0-9-39), eosinophils 3, basophils 3, l3'mpho- 
cjdes 38, monocytes 8%. Spread; the red cells showed slight anisocytosis 
but otherwise appeared normal; the white cells were normal adult foi-ms; 
platelets were plentiful; no parasites were seen; mean red cell diameter 7.2. 
Blood platelets 204,000. Reticulocytes 0%. Bleeding time 45 seconds. 
Capillar}’’ clotting time 45 minutes. Capillary resistance 30. Fragility test 
normal, hemolysis commencing at 40% saline. Sedimentation rate (West^ 
egren) 60 mm. per 1 hr., but later fell to 28. Urine and stool examinations 
negative. Wassermann test negative. Serum protein 5.8, albumin 4.4, 
globulin 1.4. N.P.N. 33 mg. %. Serum cholesterol 101 mg. % with free 30 
and esterified 71, but subsequently 155 with free 36 and esterified 119. Serum 
alkaline phosphatose 3.5 B.U. Serum inorganic phosphorus 3.9 mg. %. 
Blood group A. Cephalin flocculation negative. Gastric "expression” showed 
a free acid of 80—20 minutes after histamine injection. 

Roentgenograms of the skeleton and gastro-intestinal tract, including a 
barium enema, showed no abnormalities. Films of the chest revealed a well 
circumscribed, circular shadow projecting from the mediastinum into the left 
lung field, at the level of the hilum. It was of the same size as in a pre\nous 
film, and laminogiaphs located it as I}dng in front of the bronchial tree with- 
out defonning it. 

Sternal inarrou' biopsy showed mild hypoplasia of bone marrow, but no 
abnormal cells. 

The patient was treated with liver extract (1 cc. of Lederle’s Concentrated 
given intramuscularly daily for 15 days), but had no reticulocyte response. 
She was given 2 whole blood transfusions and 1 large red cell infusion, and was 
dischargSl on October 17, 1941 with a hemoglobin of 51%, R.B.C. 2,400,000. 
She then took 0.2 gm. of ferrous sulphate 4 i.d.' and liver extract was con- 
tinued. In spite of the.'e measures she was readmitted onjsovember 25, 1941 
with a hemoglobin of 20%, R.B.C. 800,000. The blood Kline test on 4 occa- 
sions ranged from negati’\'c to 44-; the blood IVassermann, howe\'er, was 
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negative in the alcoholic antigen on everj'^ occasion. The cholesterol antigen 
ranged from 2 to 4+. Potassium iodide was given for 9 days as a therapeutic 
test without any effect upon the mediastinal mass or the persistent anemia. 
A total dosage of 1500 R of Roentgen ray radiation therapy was then given 
in 13 exposures. This produced no effect upon the mediastinal mass, which on 
direct comparison with plates taken 3 3'ears pre\douslj^ appeared to have 
remained the same size over that period (Figs. 2 and 3). During this admis- 
sion her blood count was built up bj^ repeated transfusions and red-cell infusions 
(Fig. 1) to the level of 4,400,000 with 83% hemoglobin, at the time of di.scharge 
on January 7, 1942. On this admission surgical removal of the mediastinal 
tumor was first considered, but was deferred because of the patient’s condition 
and her reluctance to accept operation. No liver or iron was given because it 
was felt that a sufficient therapeutic trial had proved them ineffective. 

During the next 6 weeks her hemoglobin fell progressively to 26% and 5 
transfusions were required to restore it to 75%. Then for 3 months she was 
maintained bj”^ periodic transfusions for each of which she was admitted over- 
night to the hospital. 

She was readmitted to the hospital on June 25 for reconsideration of opera- 
tion. At that time her hemoglobin was 58% and she appeared pale and weak. 
She also was suffering from a respiratorj^ infection, accompanied bj' a moder- 
ately severe cough with a temperature of 100.4° F. and some rales at the bases 
of both lungs. It was felt that when her condition could be sufficientlj'^ im- 
proved, surgical removal of the mediastinal tumor should be done for 3 reasons: 
Q) to settle its nature and relationship, if anj', to the anemia; (2) because, 
though stationary in size for 4 j^ears, it might at any time increase in size, 
in which case it would cause pressure sj'mptoms and be more difficult to 
remove; (3) anj-- such tumor is capable of malignant degeneration. On con- 
servative treatment her temperature returned rapidly to normal and her 
respirator}’' symptoms disappeared within the first week. After receiving 
3 transfusions, she refused operation and returned to her home. 

During August and September she was admitted periodically for transfu- 
sions, but on 3 occasions had reactions (chill, fever and once vomiting and a 
sense of choking). She began to dread recei^^ng blood and her hemoglobin 
averaged only about 40% during the period. Palpitation, tachycardia, and 
ankle edema developed, though her venous pressure after a few hours of bed 
rest was 90 mm. of saline. By October she had decided to accept operation 
in the hope that it might help her anemia, though no real expectancj’ of such 
an effect was held out to her. 

She was readmitted on October 6, 1942. During the next week she received 
2500 cc. of whole blood in 3 transfusions with a resultant rise of hemoglobin 
from 30 to 60%, and of red cells from 1,300,000 to 4,000,000. No reticulocytes 
were found on 3 counts at different times. 

On October 16, 1942 a spherical tumor mass was removed from the anterior 
mediastinum through a transpleural approach. The tumor was solid and well 
encapsulated, Ijdng in close approximation to the pericardium inferiorlj’^ and 
posteriorljq and extending up across the pulmonar}' artery superior!}' to the 
aortic arch. Laterally it was bounded by the mediastinal surface of the left 
upper lobe to which it was quite adherent. Medially the fatty tissue of the 
anterior mediastinum was also adherent to it, and from this tissue numerous 
blood-vessels of moderate size entered the tumor. In order to excise the tumor 
it was found necessar}’ to diAude the left phrenic nerve, after which the mass 
was shelled out without difficulty. The mediastinal pleura was closed and the 
chest closed without drainage after reexpansion of the left lung. She was 
given a transfusion of 1000 cc. of whole blood on the operating table. 

Pathologic examination of the tumor showed it to be a soft, fleshy, light- 
colored tumor mass of homogenous structure, measuring 8 x 0 x 5 cm. and 
"’pjshhig 1S5 gm. (see Fig. 5). Fine lobulations were apparent, but no areas 
of degeneration or cyst formation. 

Microscopic examination showed a uniform cellular tumor consisting of 
2 cell types (Fig. 6). The most prominent were moderate-sized, spindle- 
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shaped, well defined cells with plump oval nuclei, arranged in no definite 
pattern. Cells of the other t3''pe were scattered irregularly throughout the 
tumor; they had small, dark, dense nuclei, and in most respects appeared 
identical with the many lymphocytes seen in the vascular channels. No 



to repeated transfusions and operation. 



Fig. 2. — RoentRcnoprain of chest in 1938. There is a larpc circumscribed circular 
shadow protrudinc from the mediastinum into tlie left lung field. 


mitotic figures were seen. The tumor was encapsulated by a relatively 
ular and avascular tissue which was not infiltrated bj' the tumor rells. -1“® 
origin of the tumor was not apparent. However, it was considered probap e 
that the tumor was not malignant and further study with special stain 



B 

Fig. 5.— Pliotopcrnpli of tumor. A. Exteriml appearanoo. B, Tumor divided to show 
pross appearance of interior. Tliere is no obvious lobulation and no dcpcneration. 
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revealed certain concentrically laj'ered, solid bodies vith flattened cells at 
their peripheries which suggested degenerated Hassall’s corpuscles. Because 
of these and the uniform presence of the two cell types, one resembling a 
lymphocyte and the second a reticulum cell, the tumor was thought by Dr. 
Purdy Stout to be possibly of thymic oripn. On the other hand Dr. A. M. 
Pappenheimer thought that a thymic origin was unlikely, because there was 
not the intimate mingling of lymphocytes and reticulum cells customarily 
found in thymic tumors, and because the argyrophil stroma was too abundant 
and tended to encircle individual cells. Unfortunately, the tumor tissue was 
fixed before it was appreciated that there was any relationship between the 
tumor and the anemia. For that reason no chemical or biologic studies 
were done. 



Fig. 6.— Photomicrograph of tumor, showing characteristic liistology. The cells are 
of two typos— one resembling a Ij-mphocyte and the other a larger cell. In the center 
is an island of hyaline tissue, possibly representing a degenerated Hassall’s corpuscle. 

She reacted well to operation, though the left lung became atelectatic due 
to paralysis of the diaphragm and the accumulation of a moderate amount of 
fluid. Her temperature rose to 102° F. on the 2nd day and remained slightly 
elevated for 10 days, after which it returned to normal. The wound healed 
primarily and she was allowed up on the Sth dav, walking on the 13th. On 
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the 3rd day after operation reticulocytes (0.8%) were found for the first time 
since she had been followed in this hospital. During the next week her red 
count decreased, but her reticulocytes increased steadily to a peak of 16.5% 
on the 20th day after operation. Their level then fell to 7.3% on discharge, 
4 weeks after operation, at which time her red count was 4,780,000 (Fig. 7). 
She received no whole blood after the transfusion on the operating table, but 
on the 10th postoperative day was given a red cell infusion equivalent to 
1300 cc. of whole blood. 

During the year following discharge she received no further transfusions. 
Her hemoglobin varied between 90 and 108%, and her red count between 
4,900,000 to 5,450,000. Her general improvement in strength and ^^gor was 
dramatic and though her left diaphragm remained markedly elevated, she 
had no complaints of dyspnea or weakness until September, 1943. In May, 
1943 she donated 500 cc. of blood to the hospital. The next day her hemo- 
globin was 103%, her red count 4,700,000 and she showed a reticulocyte 
response of 1.5%. 

PER CENT 
RETICULOCYTE 



Fig. 7. — Chart of reticulocyte response. A cliart to show tlie reticulocyte response 
which followed operation. During the rapid rise in the last 2 weeks of October, the 
erythrocyte count rose to normal, where it remained following the fall in reticulocyte 
count (see Fig. 1). 


In August, 1943 she developed a femoral lymphadenitis, resulting from a 
secondaril}^ infected epidermophjdosis of the left foot, for which she was 
readmitted to the hospital. Pht^sical examination at this time showed her 
to be well nourished and not acutely ill. The thoracic scar was well healed 
and examination of the lungs showed onlj’ flatness and absence of breath 
sounds in the left lower lobe region where Roentgen rays had demonstrated a 
high diaphragm (Fig. 4). The abdomen was obese, making examination difficult, 
but there was a sense of resistance in the right upper quadrant suggestive of 
an enlarged liver. Xo definite margin could be felt. There was a large area 
on the medial aspect of the left thigh, just below the inguinal ligament, which 
was red, indurated and tender but which showed no fluctuation. No abnormal 
skin pigmentation was present. The urine showed no abnormality. The red 
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count was 5,100,000; white count 13,100 with 72% polys. Fasting blood 
sugar Avas 120 mg. per 100 cc. Temperature, which Avas 102° F. on admission, 
fell to normal 12 days later but then rose again and fluctuated betAA'een 100° 
and 103° for the next 5 days during which she receiA'ed sulfadiazine by mouth. 
The area of inflammation aaas then incised and a large abscess, which cultured 
hemolytic Staphylococcus aitrcus, aa’us drained. Her temperature fell to normal 
Avithin a fcAv days, but the AA'ound healed A^ery sloA\-ly and the gi-anulations 
lining it continued to look indolent for a long period in spite of careful dailj’’ 
dressings and irrigations AA-ith Dakin’s solution. Cultures continued to shoAA’ 
S. aureus, but a secondary contamination of B. proicus dcA^eloped. Because 
of this Avbund she Avas kept in bed until September 10 and in the hospital until 
October 9. During the 2 AA'eeks before discharge she complained frequently 
of abdominal discomfort and constipation and she developed a salloAV appear- 
ance, although her red count remained aboA^e 4,000,000 and her hemoglobin 
above 95%. Examination just before discharge reA^ealed a protruberant 
aljdomen, Avhich Avas interpreted as obesity, and some edema of the loAver 
legs. The liver could not be felt. 

She remained at home for 4 days. During this period abdominal pain rapidly 
increased, as Avell as sAvelling at the ankles, and a feeling of exhaustion.. She 
Avas readmitted on October 13 Avith a fever of 101° F., Avhich had been present 
for the previous 12 hours, and Avith acute abdominal distention. Roentgen 
rays of the chest shoAved a moderate amount of fluid in the left, and Roentgen 
rays of the abdomen shoAved gas in both large and small intestine. The fol- 
loAving day it AA'as obvious that she Avas slightly but definitely jaundiced, and 
that the abdomen Avas distended by fluid as aa'cII as by gas. Cloudy yelloAv fluid 
(2500 cc.) Avas AvithdraAvn by paracentesis, following Avhich it Avas evident that 
her liver Avas enlarged, being palpable 6 cm. beloAv the costal margin and 
slightly tender. Although somcAyhat relieved by paracentesis, she became 
rapidly Avorse and on October 15 slipped into coma. Urinalysis shoAved no 
evidence of ketosis. An electrocardiogram shoAved nothing of significance and 
her hemoglobin Avas 110%, but circulation became progressiA’ety Avorse and, 
in spite of oxygen and digitalization, she died that evening. 

Autopsy. The significant findings AA-ere the presence of many deposits 
of pigment taking the iron stain in liA^er, pancreas, bone marroAV, thyroid, 
adrenals, spleen and lymph nodes. There Avas no pigment in the intestine 
or skin. The mediastinum shoAved a normally inA'oluted thy^mus and no 
CAudence of persistent or recurrent tumor. There Avas an incidental adenoma 
of the thyroid. Fluid Avas present in the abdomen and left thorax and a 
lobar pneumonia in the right loAver lobe. 


It Avas thought that death Avas related to liver insufficiency secondary 
to advanced hemochromatosis. Whether the chronic infection in her 
thigh played a part is questionable. It seems probable that the iron 
deposits Avere secondary to her repeated transfusions, since she did 
not shoAv the skin pigmentation and diabetic syndrome associated 
AA'ith the usual hemochromatosis. 

The positiA-e Kline test, present during her year of observation 
and varying from 3 to 4-1- is Avorthy of special comment. At no time 
Avas it accompanied by a positive Wassermann test in the alcoholic 
antigen or by any clinical evidence of syphilis. IMoreover, a thera- 
peutic trial Avith potassium iodide was Avithout effect on the size of 
the tumor. Following extirpation of the tumor the blood Kline Avas 
still 3-f in December, 1942, but by August, 1943 it had become con- 
sistently negative. It is believed that the patient may have had 
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syphilis, but one can only speculate as to whether the tumor had any 
influence on the serologic derangement of blood proteins. 

With the advantage of retrospection, it seems unfortunate that 
circumstances prevented earlier operation, in which case the excessive 
deposition of pigment following the long courses of transfusions might 
have been avoided. 

Summary. This patient had a mediastinal tumor which had been 
present for a number of years, had resisted radiotherapy, but showed 
no signs of malignancy. During a considerable period of observation, 
the patient suffered from a profound depression of erythrocyte forma-, 
tion, although leukocytes of bone marrow origin were never deficient 
in number. The red cells present were not abnormal in size or shape 
and there was no evidence at any time of chronic blood loss or abnormal 
erythrocyte destruction. During this period of anemia, reticulocytes 
were never found on any attempt, except twice when isolated ones 
were seen ivithin 48 hours of large transfusions. All of the usual 
therapeutic measures to stimulate red cell formation were without 
effect. The patient was maintained by transfusions of whole blood 
and saline suspensions of erythrocytes for 22 months. The medi- 
astinal tumor was removed without difficulty, and she made an uncom- 
plicated recovery. Following removal of the tumor, a sharp reticulo- 
cytosis occurred with a resultant restoration of the erythrocyte count 
to normal, where it remained ‘for a year after operation. During 
this period she acted on one occasion as a donor for a transfusion,' 
following which her reticulocytes responded normally and- her blood 
count was not conspicuously affected. Ten months after operation 
she developed an abscess in the thigh which required drainage and 
healed slowly. Before it had healed completely, 1 year after opera- 
tion, she rather suddenly developed acute ascites and jaundice, went 
into coma and died. Autopsy showed widespread hemochromatosis 
and no evidence of reappearance of the original tumor. The nature 
of this tumor remains in doubt, though a thymic origin was suggested. 
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USE OF A SIMPLE POSTURAL TEST IN NEURO- 
CIRCULATORY ASTHENIA 

By Maj. William A. Jeffers, M.C., A.U.S.* 

Capt. Saaiuel C. Sheiman, M.C., A.U.S. 

AND 

Lt. Col. George H. O’Brasky, M.C., A.U.S. 

Neurocirculatory asthenia might be defined as basicall 3 ' a s^m- 
drome of d.yspnea, palpitation, and precordial pain during rest or 
upon mild exertion, noted recurringl.y or persistentK' b.y indiyiduals 
having insufficient evidence of organic cardio-respirator^- disease to 
account for their sj-mptoms. At a processing center for soldiers 
apprehended absent without leave, we have had ample opportunity" 
to observe the condition, often in its most acute forms. Soldiers were 
examined during the time that they were rigidlj' restricted to the 
post area, and in midwinter when mild respiratory- infections were 
prevalent. At this Post, about 60% of those with potentially" dis- 
abling medical disorders had neurocirculatory asthenia. Our interest 
in the associated circulatory' phenomena arose from the need to devise 
an objective test for assistance in determining whether or not these 
soldiers were capable of performing arduous combat duty overseas, 
after relatively" little further training. 

In the past, studies concerning the etiology and abnormal physiology 
in neurocirculatory" asthenia have yielded little that can be ex]Dressed 
in quantitative terms., Lewis^® has mentioned such etiologic factors 
as sedentary" civilian occupation, inherited wealcness, the stress and 
strain of military" life, and infections of various sorts. A large emo- 
tional factor has been suspected by many, Cobb® has observed, “Of 
course war is the most stressful phenomenon known . . He 

feels- that neurocirculatory asthenia is synonymous with anxiety" 
neurosis. 

It has not been possible to link the disorder witli any single organic 
disease. Lewis'® differentiates it from hyperthyroidism by pointing 
out that soldiers with neurocirculatory asthenia have cold hands. A 
diminished vital capacity' is not the rule.®' Among such soldiers 
examined by one of us (WAJ), the basal metabolic rates and cold 
pressor tests (rf. also Wood®*) were usually' normal, whereas psy'chiatric 
consultation frequently revealed evidence of psy'choneurosis. iMaster'® 
has reviewed certain measurable tendencies which have been observed : 
(I) small heart and small cardiac output; (2) inadequate ox-ygenation 
of blood; (3) fainting due to inadequate venous return to the heart; 
(4) abnormalities in electrocardiogram after 2 step exercise. 

The studies reported by Starr'® suggest that certain patients with, 
neurocirculatory asthenia can be shown to have abnormal cardio- 
vascular re.sponses to standing: what lie terms “incoordination of the 

* On leave of absence from the Echv.ard B. Robinette Foundation. Mediral Clinic 
Hospital University of Pennsylvania. 
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circulation"” The oflScial attitude of the Armj’' toward this phase 
of the problem is indicated by the following directive: 

“Orthostatic hypotension or tachycardia. The blood pressure and pulse 
rate will be taken with the individual in the recumbent position and 
after standing 3 minutes. An increase in a normal pulse rate to 120 
beats per minute or more rvhen the individual stands or a decrease of 
a normal blood presure (when the individual is recumbent) to values 
less than 90 systolic and 50 diastolic when the individual stands may 
be considered evidence of a definite physiologic disturbance — unless 
the condition is very temporary following an illness, operation, or 
exhausted state.”-" 

We have used a simple modification of a test previously employed 
in the study of orthostatic hypotension," in an attempt to evaluate 
the cardiovascular responses of 1052 soldiers. We are aw'are of the 
current scepticism toward all types of tests employed to measure 
ph^^'sical fitness,^''* and have, therefore, used our procedure only as an 
aid in separating those having transient or borderline circulatory 
disturbances from those who have persistent or severe abnormalities. 

Indications for Test. The test to be described was performed on all 
soldiers in w'hom the initial physical examination showed one or more 
of the following: (1) pulse rate of 100 or more; (2) blood pressure of 
150 systolic, 90 diastolic, or more; (3) blood pressure of 90 systolic, 
60 diastolic, or less; (4) pulse pressure of less than 20 mm. Hg, regard- 
less of the level of systolic and diastolic blood pressure. When time 
permitted, we performed the initial test after the soldier had been 
allowed a week to adjust to bis new' environment. Repeated tests 
w'ere made in case of doubt, or to evaluate therapy. 

Technique and Rationale of Postural Test. After the soldier had 
lain quietly in a comfortably warm room for about 10 minutes, the 
blood pressure and pulse rate were usually found to be relatively 
stable, as evidenced by variations of not more than 10 mm. Hg or 
10 beats per minute, on tw’o successive readings. Pulse rates were 
counted for 10 seconds only, in order that rapid changes in both 
pulse and blood pressure miglit be determined with ease by a single 
observer at intervals of 1 minute. Blood pressures were read as the 
nearest multiple of 5 visible on the anaeroid sphygmomanometer. 
The fourth phase of the Korotkoff sounds (change from clear to 
muffled) w'as recorded as the diastolic blood pressure. The subject 
then stood up beside his bed. Blood pressures and pulse rates were 
taken immediately, then after 1, 2, and 3 minutes of quiet standing. 
Thus, for each subject a series of six readings of pulse and blood 
pressure were obtained. 

The oral temperature w'as not taken routinely, nor was it feasible 
to require a fixed period of fasting or abstinence from tobacco or coffee. 
After each test was completed, the soldier was questioned regarding 
his s;|iTnptoms and background, and was again examined to rule out 
organic cardio-vaseular disease. 

Immediately upon standing, there are circulatory adjustments 
which accompany the exertion of arising, and others which act in the 
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same direction to oppose the hydrostatic tendency of the blood to 
pool inferiorly. Among those accustomed to strenuous exercise these 
adaptations result in small increases in systolic, diastolic, and pulse 
pressures and in pulse rate.®-®-'®-^® As the subject continues to stand 
quietly, one can usually observe fluctuating waves of change from 
minute to minute. We have used the maximal changes from the rest- 
ing state observed after 1, 2, and 3 minutes of quiet standing as the 
basis for our interpretation. 

Crampton,® Schneider and Truesdell,^® and Starr^® have reported tlie 
slight changes in pulse rate, blood pressure, and pulse pressure which 
usually occur upon assuming the erect position, and which have been 
regarded as consistent with a state of good physical training. It 
should be noted, however, that there were differences in the time of 
measuring the response to standing among the three reports mentioned 
above, so that exact comparison of the data of various workers is not 
possible. Starr.^® has concluded that it is impractical to study inco- 
ordination of the circulation upon the basis of measuring only the 
blood pressure and pulse rate. If one insists upon the standards for 
normality listed by Starr,*® we agree that interesting trends will be 
missed: systolic pressure -1-15 to —13 mm. Hg; diastolic pressure 
-1-22 to —10 mm. Hg; pulse rate -1-33 to 0 beats per minute. Nor does 
an exact numerical index, as recommended by Crampton,® and by 
Schneider,*^ allow one to reduce the problem to one of simple arithmetic. 

We have devised a classification which takes into account certain 
well defined clinical conditions, such as tachycardia, bradycardia, 
hypotension, and hypertension, and ex-presses the evidence of circu- 
latory incoordination in terms of a tendency toward one or another 
of tlrese clinical disorders. By so doing, we do not mean to suggest 
that individuals who demonstrate an abnormal trend may subse- 
quently develop the full-blown clinical condition. On the contrary, 
the trend may be quite transitory, due to an acute infection, or other 
cause. Our observations, however, suggest that soldiers who show 
some of these trends are apt to complain of annoying or disabling 
symptoms so long as the trend toward incoordination of the circula- 
tion persists. Furthermore, our observations indicate that a trend 
toward the abnormal is apt to be persistent, but may vary in degree 
from time to time. 

The possible changes in blood pressure and pulse rate which might 
occur with quiet standing are illustrated below: with each type of 
response in blood pressure, there are five possible trends in pulse 
rate. A total of 25 reactions, therefore, might conceivably be observed 
during such a test. The range of pulse rate and blood pressure which 
we have chosen to indicate each trend is indicated as a part of each 
definition. 


I. Normal (Negative Test). Pulse rate between 60 and 100 while lying or 
standing. Blood jiressure 90 to 145 systolic, and 60 to So diastolic, 
rp and not over 145 systolic, and 105 diastolic, standing. 

11. T.\chycardia. (S 3 -stoIic, diastolic and pulse pressures remaining norinah 
cj. I.) 
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A. Persistent. Pulse rate of over 100, on 2 or more readings while l 3 dng 

or standing. Variation of not more than 20 beats from lying to 
standing. 

B, Orthostatic. Acceleration of more than 20 beats, arid tachycardia of 

100 or more, as maximal effect of quiet standing. 

III. Bradycardia. (Systolic, diastolic and pulse pressures remaining normal, 

cf. I.) 

A. Persistent. Pulse rate of less than 60 on 2 or more readings while 

lying or standing. No decrease in pulse rate upon standing. 

B. Orthostatic. Decrease of 20 or more beats to less than 60 as maximal 

effect of quiet standing. 

IV. Hypotension. 

A. Persistent. Blood pressure less than 90 systolic and 60 diastolic on 

2 or more readings while lying or standing. Pulse pressure greater 
than 10 upon standing. 

1. With normal pulse rate {cf. I). 

2. With persistent tachj^cardia {cf. II A). 

3. With orthostatic tachj'cardia {cf. II B). 

4. With persistent bradycardia {cf. Ill A). 

5. With orthostatic bi’adycardia {cf. Ill B). 

B. Orthostatic. Blood pressure less than 150 S 3 '^stolic, and 90 diastolic, 

lying. Fall in 'pulse pressure to 10 or less during quiet standing. 
Diastolic blood pressure not over 105. 

1. With normal pulse rate {cf. I). 

2. With persistent tachycardia {cf. II A). 

3. With orthostatic tachycardia {cf. II B). 

4. With persistent bradycardia {cf. Ill A). 

5. With orthostatic bradycardia {cf. Ill B). 

V. Hypertension. 

A. Persistent. Blood pressure of 150 systolic and 95 diastolic or more, 

l3’’ing, or of 150 S3'stolic and 110 diastolic or more, standing on 2 or 
more readings, save for first pressure taken just after standing. 

1. With normal pulse rate {cf. I). 

2. With persistent tachycardia {cf. II A).. 

3. With orthostatic tachycardia {cf. II B). 

4. With persistent bradycardia {cf. Ill A). 

5. With orthostatic brad 3 "cardia {cf. Ill B). 

B. Orthostatic. Blood pressure less than 150 systolic or 90 diastolic 

l 3 dng. Increase to 150 S 3 'stolic or 100 diastolic upon quiet standing — 
save for first pressure taken just after standing. 

1. With normal pulse rate {cf. I). 

2. With persistent tach 3 "cardia (cf. II A). 

3. With orthostatic tach 3 'cardia (cf. II B). 

4. With persistent bradycardia (cf. III A). 

5. With orthostatic brad 3 '^cardia {cf. Ill B). 

From the outline above it is apparent that we have selected more 
restricted limits for “normalit.v” than most investigators who have 
emplox-ed this type of test. It should be reiterated that it was our 
purpose to detect soldiers who might develop disabling s 3 'mptoms as 
foot soldiers in combat, if thex’ were to be sent overseas after a rela- 
tiveh' short period of further training. jNIanx' of the soldiers whom 
we examined airead3' complained of such S3'mptoras to a certain 
extent, and we observed that, as a group, those wlio exhibited a posi- 
tive test had shown little aptitude, ph.vsicall 3 ’ and emotionall 3 ', for 
combat dutx-. The 3 ' might have been able to perform well in some 
restricted assignmelit, but the 3 ' had not shown the aggressiveness and 
stamina desirable in infantr 3 -men. 
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Table 1.— Numebical Incidence of Trends Observed in Performing 1294 Postural 
Tests Upon 1052 Soldiers With Initial Abnormalities of Pulse Rate and 
Blood Pressure (those features marked with an asterisk (*) shoivcd a statistically 
significant tendency to be associated as entities) 

Blood pressure 


Normal 

or Hypotension Hypertension 


Pulse rate 

negative 

test 

Persist. 

Orthostat. 

Persist. 

Orthostat. 

Total 

Normal or Negative test: 

307* 

2 

120 

04 

45 

004 

_ /Persistent 

151 

4 

27 

OS* 

33 

283 

Tachycardia (orthostatic 

1S5 

2 

14S* 

30 

32 

403 

_ /Persistent 

1 

1 

1 

0 

0 

3 

Bradycardia (orthostatic 

1 

0 

0 

0 

0 

1 


— 

— 

— 



— 


Total: 

705 

9 

302 

108 

110 

1294 


Restilis. Table 1 shows the incidence of various types of reactions, 
according to our classification, among the 1294 tests performed upon 
1052 subjects. Statistical analysis of this information, based upon 
calculation of expectancies, shows the following associations to be 
highly significant: (1) normal blood pressure and normal pulse rate 
tend to be associated; (2) hypertension, especially if it is persistent, 
tends to be associated with persistent tachycardia {cf. also Fishberg, 
as quoted by Master^*); (3) orthostatic hypotension is conspicuously 
associated with orthostatic tachycardia. Originally, we included in 
the test the measurement of blood pressure and pulse rate after run- 
ning 40 paces, followed by compression of both carotid sinuses alter- 
nately while the subject stood quietly. After reviewing the first 
2G0 tests so performed, these steps were discarded. No instances of 
carotid sinus syncope were found, even among those who had fainted 
repeatedly. Exercise, and the exertion of arising, seemed to exaggerate 
the trend of the responses observed upon quiet standing, but failed to 
indicate important trends not shown by the simpler test. 

We are well aware that by measuring only the blood pressure and 
pulse rate one cannot infer with accuracy the behavior of the cardiac 
output,^® the venous return to the heart, or the state of the peripheral 
vascular bed.®’'^ In our experience, however, this test has served as 
a more reliable indication of the behavior of the individual’s usual 
circulatory responses than the taking of repeated sample readings of 
pulse and blood pressure, or by performing the cold pressor test on 
persons showing transient arterial hypertension.® 

A group of 217 of our subjects were selected at random and retested 
at intervals of from 1 to 90 days after the initial test. Upon this 
group of men 493 tests were performed. Analysis of these tests 
showed a strong tendency for the identical response to be found during 
two or more tests: identical repetition was observed 78 times, while 
the chance expectancy of identical repetition was 7.5 times. In 
addition there was a significant tendency for orthostatic hypertension 
or persistent hypertension to recur in repeated tests but with variabiliU- 
in the pulse rate response. 

The most frequent explanation for a change from a positive to a 
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negative test seemed to be recovery from a mild infection. Other 
factors noted were recovery from anxiety, fatigue, and malnutrition, 
and as the result of phj’sical training for those unaccustomed to 
exercise. _ The presence of a mildly positive test is probably not 
incompatible with arduous physical exertion, if the soldier’s will to 
serve is fundamentally strong, and if he can serve under good leader- 
ship.^-'®'^^ 

In our experience a positive test is compatible with: 

(a) Neurocirculatory asthenia with complicating disease, such 
as clironic infection. (Frequent.) 

(b) Neurocirculatorj’- asthenia, with marked anxiety, and no 
demonstrable physical abnormality. (Rare.) 

(c) Chronic infection, exhaustion, slender habitus, or poor state 
of ph 3 ’sical training, without sj'mptoms of neurocirculatory 
asthenia. (Rare.) 

A negative test has been observed with: 

(a) Good health and good state of plij'-sical training. (Frequent.) 

(b) Anxietjq mild. (Frequent.) 

(c) Mild, acute or chronic infection. (Rare.) 

Summary and Conclusions. 1. Because of the need for an objective 
approach to the evaluation of soldiers about to be dispatched overseas 
for arduous combat duty, a simple postural test was devised for those 
showing abnormalities of pulse rate and blood pressure. 

2. Standards were chosen on the basis of 1294 tests performed upon 
1052 subjects. 

3. A positive test can be described as a tendency toward one or 
another clinical abnormality of pulse or blood pressure. 

4. Subjects who exhibit a positive test on one occasion are apt to 
do so repeatedly, unless there is a manifest change in their physical 
or emotional states. 

5. The test appears to give a more reliable measure of the indi- 
vidual’s usual circulator^" responses than random sampling of the 
pulse rate and blood pressure, or application of the cold pressor test® 
to subjects showing a tendencj' toward hypertension, 

6. It is conceded that this type of test can be influenced by emotional 
factors and is not a proper measure of an athlete’s capacity to perform 
strenuous aeti^dt^' for short periods of time.^ Conversel 5 ", in militarj' 
medicine, this type of test can be of value in pointing out the soldier 
having phj’sical disease or emotional instability and deserving of 
further investigation. 

We gratcfuJly acknowledge the assistance of Capt. Albert L. Cooper, M.C., and 
P.F.C. Norman Ackerman in performing the postural tests; and of Col. Tliomas Fitz- 
Hugh, Jr., M.C., Capt. Hyman I. Segal. M.C., Dr. J. Harold Austin, and Dr. C. C. 
Wolferth in preparing the report. 
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SALMONELLA APPENDICITIS 
By a. Daniel Rhbenstein, M.D. 

and 

Ben B, Johnson, M.D. 

boston, mass. 

(From Massachusetts Department of Public Health and the Department of Preventive 
Medicine, Harvard Medical School) 

When signs and symptoms of acute appendicitis occur in conjunc- 
tion with Salmonella infection, the clinical picture may become very 
confusing. The earlier in the course of the primary disease the acute 
abdominal manifestations appear, the more perplexing is the diagnosis. 
In a recent study of 811 Salmonella infections" this association was 
noted in 20 cases, 18 of which came to operation. In only one instance 
had the basic etiology been recognized prior to surgical interference. 
This study concerns itself with an analysis of these 20 cases. 

Pain during the course of Salmonella infection is usually the result 
of involvement of the lymphoid tissue of the small bowel or appendix. 
Altliough in the great majority of Salmonella cases with gastro- 
intestinal manifestations the abdominal signs and symptoms subside 
spontaneously, occasionally surgical intervention becomes necessary. 

Study of the literature reveals several case reports of acute appen- 
dicitis in association with Salmonellosis. Widal® in 1913 cited the 
case of a 13 year old girl who developed acute intestinal manifestations, 
on the 6th day of a Salmonella infection. Wilde'® in 1930 reported 
on a 22 year old male who was operated upon for appendicitis prior to 
the recognition of a preexisting paratyphoid infection. A similar 
case is described by Rosenthal.® His patient, a 14 year old child, had 
severe abdominal pain for 48 hours. At operation the appendix was 
acutely inflamed. Enlarged Peyer’s patches in the small bowel raised 
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the question of typhoid fever. However, a culture of the appendix 
revealed a Salmonella organism as the causative agent. 

Muller® in 1933 reported the case of a 16 year old girl with gastro- 
intestinal symptoms who, on the Srd day of illness, was operated 
upon for acute appendicitis. A ruptured appendix was found. Stool 
cultures were positive for an organism of the Salmonella group. 
Haw^kes- reported an additional case in a 23 year old male who had 
definite signs of acute appendicitis 24 hours after the onset of an acute 
generalized infection. Here, too, a perforated appendix was found at 
operation. Cultures of the peritoneal fluid and of the stools revealed 
a Salmonella organism. 

Mayer'* revierved the foreign literature on Salmonella appendicitis 
in 1934. He concluded that Salmonella organisms w'hich lodge in the 
appendix may occasionally, because of mechanical disturbances aroused 
by the infectious process, give rise to inflammatory reactions of the 
appendix. 

Summary of Cases. In practically all the cases quoted in the liter- 
ature operation revealed an appendix wdiich had either perforated or 
was acutely inflamed. Of the 18 cases w'hich came to surgery in this 
series histopathologic examination of the appendix failed to show an 
acute inflammatory process in 11. Pathologic diagnosis of these 
cases w'ere as follows: normal appendix, 6; lymphoid hyperplasia of 
appendix, 3; and chronic appendicitis, 2 (Table 1). 

The finding of enlarged mesenteric nodes at operation first called 
attention to the possibility of Salmonella infection in 4 of these patients, 
hlicroscopic examination of nodes w'hich w’ere excised in 2 cases revealed 
an unusual degree of Ijnmphoid hyperplasia. 

The pathologic diagnosis for the 7 other cases which came to opera- 
tion was acute or subacute appendicitis, 5, and gangrenous appendi- 
citis, 2, In spite of a preliminary diagnosis of acute appendicitis, 
surgery was delayed in two instances until subsidence of the acute 
abdominal manifestations. 

All but three of the Salmonella organisms recovered from stool 
cultures of the 20 patients were typed* and classified according to the 
Kauffmann-^^Tiite schema®-® (Table 1). The Salmonella types were 
as follows: 8. paraiyphi B, 6; 8. iyphimvriinn, 6; 8, newport, 3; 8. 
oranienbiirg, 1; 8. panama, 1; and untyped, 3. 

Except for the 8. paratyphi B cases there was no apparent correla- 
tion between the Salmonella type and tlie pathologic diagnosis. All 
6 8 . paratyphi B cases were in the group showing no acute inflammation 
of the appendix. 8 . typhimnrinm and 8. 7iewport were isolated from 
both groups of cases. 

With the exception of 5 8 . paratyphi B infections which occurred in 
a single epidemic, the remainder were all sporadic cases. In the 
series of 811 infections previously mentioned" 8 . iyphimurhim and 
8. ricicport were the types most frequently recovered from sporadic 

* Tj-pins: u-as perfomicd by the Laboratory of tlie Department of Bactorioiog>' and 
Serology of the Beth Israel Hospital, New York, N. Y., under the direction of Dr. Erich 
Seligmann. 
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cases. Apparently the same general distribution as to Salmonella 
type holds true for the cases complicated by the signs and symptoms 
of acute appendicitis. There is no one type which showed a marked 
predilection for the appendix. 

The eldest of the 18 operated patients was 42 years of age, while 
16 patients were 20 years of age or younger. It has been shown that 
Salmonella infections, with the exception of those due to S. typhi- 
muriinn, are fairly evenly distributed throughout all age groups.'’ 
It is apparent, both from this series and from cases previously reported 
in the literature that Salmonellosis complicated by appendicitis tends 
to occur primarily in the first two decades of life. 

The duration of positive stools in the entire group of cases varied 
from 1 to 24 weeks; 11 patients were infectious for at least 4 weeks. 
All but 3 of the cases were released from the hospital while still har- 
boring the causative organism. 

The agglutination reaction utilizing S. paratyphi B as an antigen 
was performed in 14 of the cases. Positive tests in a titer of at least 
1 to 40 were obtained in 7. In our experience, stool cultures are of far 
greater value than the agglutination reaction in the laboratory diag- 
nosis of Salmonella infection. 

Of the 18 cases that came to operation, at least one white blood 
count and a histopathologic examination of the excised appendix was 
available for 17. As might be e.xpected, the white blood counts of the 
cases which showed no acute inflammatory changes in the appendix 
were, in general, lower than those in which the inflammatory process 
was marked. The lowest admission white count in the latter group 
was 10,200, while there were 6 cases in the former group with white 
counts of 10,000 or less. A 3 year old girl with an admission white 
blood count of 43,000 for which there was no explanation had a normal 
appendix at operation. 

Case Reports. Case 1. E. R., a 14 year old boy, was admitted to the 
hospital on April 19, 1937 with complaints of nausea and right lower quadrant 
pain of 4 da 5 "s’ duration. The temperature on admission was 101° F., pulse 
110, and respirations 20. Physical examination revealed tenderness in the 
right lower quadrant where there was moderate spasm. The white blood 
count was 10,300 with 70% neutrophils. Urinalysis was normal. 

Appendectomy was performed 1 hour after admission. A grossly normal 
appendix was removed. An enlarged mesenteric node was excised for patho- 
logic examination. Postoperative^' the temperature remained elevated for 
8 days. The white blood count dropped to 7250 on April 24, 1937 (67 % neutro- 
phils) and to 6900 on April 26 (54% neutrophils). The blood agglutination 
reaction was reported positive for paratyphoid B on April 26. Stool culture 
on ]\'Iay 2, 1937 was positive for 5. paratijphi B. 

Pathologic Report. Ljunphoid hyperplasia of appendix and lymph node. 

Case 2. L. D., a 9 year old white girl, entered the hospital on October 21, 
1942 complaining of abdominal pam, nausea, and vomiting of 24 hours’ dura- 
tion. The pain which had come on suddenly in the mid-epigastrium localized 
after 24 hours in the right lower quadrant. The temperature was 100.5° F., 
pulse 102, and respirations 24. Physical examination was negative except for 
localized tenderness and spasm over hIcBurney’s point. Rectal examination 
revealed some tenderness on the right side. The white blood count on Octo- 
ber 21, 1942 was 9200 (68% neutrophils); urinalysis was negative. 
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Appendectomy whicli was performed shortly after admission revealed a 
normal appendix. There were several enlarged nodes in the mesentery of^the 
terminal ileum. The temperature following operation varied from 101 ° to 
102° F. for 48 hours and remained elevated for a total of 19 days thereafter. 
The white blood counts from October 21 to October 30 varied from 6200 to 
5600. Stool cultures on October 29, November 6 and November 13 were 
positive for S. newport. 

Pathologic Report. Normal appendix. 

Case 3. L. S., a 14 year old white boy, was admitted to the hospital on 
October 13, 1942 vdth complaints of feverishness, chills, and vomiting of 
24 hours’ duration. Temperature on admission was 100.6° F., pulse 112, and 
respirations 20. Physical examination was essentially normal. Roentgen ray 
of the chest on October 14 revealed normal lung fields. Urinalysis was negative. 

On the 2nd hospital day there was onset of bloodj’- diarrhea, together with 
generalized abdominal tenderness. Next day the tenderness became localized 
in the right lower quadrant. The white blood count at this time was 15,800 
with 82% neutrophils. With a preoperative diagnosis of acute appendicitis, 
laparotomy was performed. The appendix was large, acutely injected and 
edematous. Postoperatively tlie temperature rose to 104.6° F. and remained 
elevated for 3 days. Stool cultures on October 14, October 19, October 28, 
November 3, November 9, and November 17 were positive for S. newport. 

Pathologic Report. Gross: serosa injected and covered with fibrin; wall 
edematous and injected; lumen filled -adth purulent material. Microscopic: 
mucosa extensively eroded; wall edematous and infiltrated with a large number 
of neutrophils and showed scattered areas of hemorrhage; vessels engorged. 

Diagnosis. Acute appendicitis. 

Case 4. C. J., a 42 year old white male, entered the hospital on Februaiy 
14, 1938 complaining of nausea, vomiting, and severe right lower quadrant 
pain of several hours’ duration. There was a past history of occasional attacks 
of lower abdominal pain. Temperature on admission was 99° F., pulse 82, 
and respirations 22. Physical examination revealed marked tenderness and 
spasm in the right lower quadrant, most marked over McBurnej^’s point. The 
white blood count was 14,000; urinalysis was negative. 

Operation, which was performed 3 hours after admission, revealed a gan- 
grenous appendix. Subsequently temperature rose to 102° F. and remained 
elevated for 3 days. There was a moderate amount of purulent drainage 
from the operative wound. The temperature then remained normal until 
February 17 when it rose to 102° F. and remained elevated for 7 days there- 
after. On Februarj’- 25 patient had frequent waterj^ stools. Stool cultures on 
March 21, March 26, and April 6 were positive for S. orariicnhiirg. 

Pathologic Report. Gross: markedly enlarged and thickened appendix. 
Microscopic: partial to complete destruction of the lining mucosa. Inflam- 
matory reaction extends through the wall with destruction of the submucosa 
and muscularis. 

Diagnosis. Acute gangrenous appendicitis. 

Comment. Contrary to the data presented in the literature, in tlic 
luajority of this series of eases the clinical diagnosis of acute appendi- 
citis was confirmed neither at operation nor by histopathologic e.xam- 
ination of the appendix. It must be assumed that Ij-mphoid hyper- 
plasia of the small intestine, appendix, or mesenteric nodes" was 
responsible for the acute abdominal manifestations of these patients. 
Unfortunately, careful review of the preoperative clinical findings 
offered no clue which might be helpful in preventing surgical inter- 
ference. In both Case 1 and Case 2 which are presented as typical of 
this group, involvement of the lymphoid tissue of the apjjendix and 
mesenteric nodes was the most significant pathologic finding. 
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On the other hand, it must be borne in mind that in some cases the 
process in the appendix may become very acute. In 7 of our cases the 
pathologic report was either acute, subacute, or gangrenous appendi- 
citis. Although no perforations occurred in this series, 2 such cases-^ 
have been reported in the literature. Apparently organisms of the 
Salmonella group may produce two strikingly dissimilar pathologic 
entities in the appendix. Their ability to cause septic lesions else- 
where in the body has been noted previously.^ 

In Case 3, although Salmonella infection was suspected prior to 
the appearance of the signs and symptoms of acute appendicii;is, 
surgery was considered essential. The findings at operation confirmed 
the diagnosis of acute appendicitis. Obviously, when the symptom- 
atology is suggestive of acute appendicitis, surgery is indicated whether 
or not a previous diagnosis of Salmonella infection has been established. 

The period of apyrexia noted only during the course of Case 4 is 
difficult to explain and merits further comment. Postoperatively the 
temperature remained elevated for 3 days. Then, after a normal 
temperature for 2 days, there was a subsequent rise which lasted for 
1 week. It is a matter of conjecture whether this patient, subsequent 
to an operation for acute gangrenous appendicitis, de^’•eloped a Sal- 
monella infection unrelated to the surgical condition. On the other 
hand, it might be postulated that mechanical disturbance of the 
intestinal tract set up during the incubation period of a Salmonella 
infection initiated the appendiceal process. 

Common to the entire group of cases which came to surgery was the 
persistence of pjTexia following operation. The duration of fever 
among the cases varied from 3 to 22 days (Table 1). Apparently an 
otherwise unexplamed persistent postappendectomy fever should raise 
the question of a missed Salmonella infection. 

Failure to establish an etiologic diagnosis in cases of Salmonella 
appendicitis may be directly responsible for the spread of infection 
to contacts. Epidemiologic investigation of hospitalized Salmonella 
cases has, at times, revealed secondary cases among hospital per- 
sonnel.’ Family contacts may become infected when patients with 
posith'e stool cultures are released from the hospital. 

Recent studies suggest that a significant reservoir of Salmonella 
infection exists among the population.’ Utilizing modern cultural 
methods, study of appendicitis cases by routine bacteriologic examina- 
tion of the feces and appendix may be of considerable value in determin- 
ing how often organisms of the Salmonella group are the causative 
agents. Salmonella appendicitis may be' more prevalent than is 
commonly supposed. 

Summary. 1. When the signs and symptoms of acute appendicitis 
occur in conjunction with Salmonella infection, a difficult problem in 
diagnosis is presented. This association was noted in 20 cases, IS of 
which came to operation. 

2. While histopathologic examinations of 11 of these cases failed to 
show acute inflammation of the appendix, in 7 instances the report 
was acute, subacute or gangrenous appendicitis. Review of tlie pre- 
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operative clinical findings presented no method of differentiating one 
group from the other. 

3. Of the 20 cases, the 17 which Avere typed were distributed among 
five different Salmonella varieties. 

4. S. typliimmiim and S. 7icwpor< were isolated from cases which 
showed acute inflammation of appendix and from those Avhich did 
not. All 6 S. ■paratyphi B cases fell into the category in Avhich involve- 
ment of the lymphoid tissue of the appendix or mesenteric nodes was 
the most significant pathologic finding. 

5. Although Salmonella infections appear among all age groups, 
our cases of Salmonellosis associated with appendicitis occurred 
primarily in children and young adults. 

6. Unexplained persistent postappendectomy fever should raise the 
question of an underlying Salmonella infection. 

7. Recognition of the basic etiology in cases of Salmonella appendi- 
citis will aid in the prevention of secondary infections among contacts 
in the hospital and at home. 
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BIOLOGIC FALSE POSITIVE REACTIONS TO THE TESTS 

FOR SYPHILIS 

By Herman Beerman, M.D. 

PHILADELPHIA, PA. 

PART II* 

Lymphogranuloma Venereum. In 1922 Ravaut-^® called attention to 
the possilYility of encountering in patients Y\nth Ijunphogranuloma venereum 
a transient positive serologic reaction for syphilis which quickly becomes 
negative without the intervention of antisyphilitic treatment. Later 
(1924), Ravaut, Boulin and Rabeau^® showed a fleeting positive reaction 
in 3 of their patients and in 1 of those who, coincident with a fever, had 
at another time a weaklj' positive which disappeared definitely without 
treatment for syphilis. In 1925, May*®® of Uruguay met in a patient with 
IjTnphogranuloma venereum a partial positive Wassermann reaction; in 
1933 he reported a similar case. He stated in 1940 that a patient with 
this disease observed by Professor Lamas also had a transient positive 
reaction. Other cases have been reported by various authors. Freuden- 
thal®® saw 2 cases among 51 with a weakly positive reaction (Kahn and 
Citichol), but the Meinicke reaction Yvas negative. Gay Prieto®® found 
1 of 102 cases which gave negative reactions to the Wassermann and 
Kahn tests, but weakly positive to the Sachs-Georgi and Meinicke test.s. 
On the other hand, other authors like Hellerstrom*®® (46 cases), Ruge®®* 
(165 cases), Buske®*^ (72 cases) did not find a positive serologic reaction 
for syphilis among their patients. 

De Gregorio®® found 10 positive reactors among 32 patients, wliercas 
Uribe of Colombia said that 30% of his cases gave positive reactions. 
Sulzberger and Wise®®® found cases in which the Wassermann reaction 
was positive for several weeks in the presence of an active lymphogranu- 
loma venereum lesion, and in the absence of syphilitic infection. Frei®'® 
also found many cases giving transitory false positive Wassermann reac- 

* Part I of this rcvioiv appeared in tlic Progrc.ss Department of this Journal in the 
.Vpril 1015 number. 
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tions. Recently, Myerson^i® stated that the Kahn test may be positive 
early in the course of lymphogranuloma venereum, later becoming nega- 
tive. Cariola'*^ found 27 of 122 cases of lymphogranuloma venereum who 
showed positive Kahn and Wassermann tests without any signs of syphilis, 
24 of whom lost the positive reactivity within 3 months. Knott and his 
co-workers^®® stated that such false positive reactions occurred in 10 of 
31 cases of lymphogranuloma venereum, 10 of 44 cases of chancroid and 
2 of 18 cases with heterogeneous genital lesions. Chana^® of Chile reported 
that 20 7o of his 122 cases of lymphogranuloma venereum had positive 
reactions. He believed that the Kahn verification test was of value since 
he found a close correlation between the results of this test and the ulti- 
mate serologic outcome. 

Alteration in the blood proteins has been noted in lymphogranuloma 
venereum and has been regarded as of diagnostic significance by Jersild,!®'^ 
and by Howard, Eisenman and Strauss.^®® After summarizing the obser- 
vations of a number of investigators and their own work, Rosen, 
Rosenfeld, Bloom and Krasnow®®^ support the diagnostic importance of 
the lipid-globulin relationship by observations on 116 cases. Hyperglobu- 
linemia occurred in 100% of their cases, and was most marked in the 
late stage (rectal stricture and esthiomene) . They rate this hyperglobu- 
linemia then as a valuable diagnostic lead. The serum lipids were uni- 
formly decreased. In chancroid, for example, there may be an increased 
globulin content, but there is no decrease in the lipids. These observers 
found that treatment of the lymphogranuloma venereum brought the 
lipid values to normal but left the globulin unchanged. Gutman and 
Wise^^® reporting on the positive formol-gel reaction associated with hyper- 
globulinemia may be responsible for other somewhat erratic or abnormal 
findings in the blood of patients with this disease. For example, the high 
sedimentation rate, often gi-eatlj'^ in excess of the level consistent with 
the degree of obviously active infection; the falsely positive and repeat- 
edly anticomplementary Wassermann reactions reported in the literature 
may be regarded as phenomena attendant upon the hyperglobulinemia. 

Because of a possible relation of the Wassermann and Kahn tests to 
the globulin fraction of the serum proteins and because Gutman and 
Williams”'^’®®^ found the Wassermann reaction to be anticomplementary 
in 22% of 74 Frei positive cases, the results in the Kampmeier, Smith 
and Larseni®^ cases are of interest. Of the 43 Vanderbilt University 
Hospital cases, none was found to have anticomplementary Wassermann 
reactions. Both Wassermann and Kahn tests were negative in 13 cases, 
and both positive in 9 cases. The Kahn test alone gave negative reactions 
in 16 additional cases. Both tests yielded a doubtful reaction in 1 case, 
the Wassermann was negative and the Kahn doubtful in 2 cases, and the 
Wassermann negative and Kahn positive in 2 cases. In the Nashville 
General Hospital group of 24 cases, the Wassermann test was negative in 
19 instances, positive in 4, and not done in 1. Recently KampmeieF®® 
^e^^ewed the cases of rectal stricture treated in the Vanderbilt University 
Hospital since 1926. Most of these cases were not proven by the Frei 
test, but analysis of the history and physical findings made it seem reason- 
able that a certain percentage of them was due to lymphogranuloma 
venereum. In those selected as probably being cases of this disease, the 
Wassermann reaction was negative in 29 and positive in 16, 2 were Wasser- 
mann and Kahn positive, 6 were Wassermann negative and Kahn positi-\'e, 
1 was Wassermann doubtful and Kahn positive. 

Kampmeier and his co-workers’J®i findings do not agree with those of 
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Gutman and Williams''^ as regards the frequency of anticomplementary 
Wassermann reactions in lymphogranuloma venereum. (Since this study 
was completed, they reported an anticompiementary Wassermann and 
positive Kahn test were found in a patient with bubo and hyperglobu- 
linemia.) 

Because of the prevalence of Ij^mphogranuloma venereum in the Negro 
population in Georgia, Beeson and MilleB® made a study of the incidence 
of hyperglobulinemia in 2375 sera, from both the white and the Negro 
population. The formol-gel test was used to detect the presence of 
increased globulin. Hyperglobulinemia was found in 0.4 % of white males 
and in 0.6% of white females. In Negroes the respective rates were 
5.6 and 8.3%. The difference in prevalence of lymphogranuloma ven- 
ereum infection is presumed to be the explanation of this racial difference. 
A higher proportion of cases of hyperglobulinemia found among Negroes 
with syphilis appeared to be related to the associated presence of lympho- 
granuloma venereum in those persons. 

Jones and Rome'^^ studied 79 patients with lymphogranuloma venereum, 
the majority of whom had total protein values above S. The mean total 
protein value was 8.55 and the highest value obtained was 13.33 gm. per 
100 cc. Schamberg-®^ studied the course of the plasma protein changes in 
20 Negroes m’th early lymphogranuloma venereum treated with sulfanil- 
amide, All of these patients presented, initially, hyperglobulinemia, the 
globulin reacting toward the normal level as clinical improvement was 
manifest. Seventeen of the 20 patients in his series had total protein 
values above 8 gm. at one time or another during the course of their 
disease. Kampmeier, Smith and Larsen‘®‘ found hyperproteinemia in 62 
of the 67 cases of venereal lymphogranuloma which they studied and 
considered this fact to be of diagnostic value. Kagan”® found hyper- 
proteinemia in 8 of his 11 cases of lymphogranuloma venereum. The 
highest total protein in Cardon and AtlasV®* series of 6 cases of this dis- 
ease was 11.44 gm. per 100 cc., and the highest globulin value was 7.66 gm. 
In their earlier paper, Cardon and Atlas'"*" commented on the fact that 
lymphogranuloma venereum was a disease in which biologic false posi- 
tive serologic reactions and anticompiementary reactions were especially 
associated with hyperproteinemia. It is interesting that Taussig and 
Somogyi-®^ found that the h;>T)erglobulinemia which is present in most 
cases of venereal lymphogranuloma occurs also to a marked degree and 
with high euglobulin values in granuloma inguinale. 

i\Iay believes*®^" that the positive serologic reactions for sy'philis encoun- 
tered in cases of lymphogranuloma venereum are not false but represent 
abortive or weak attacks of syphilis due to insufficient quantity of organ- 
isms in the inoculum, so that the body defenses are able to keep the 
syphilitic infection mild. This seems to us to be highly speculative. 

Lupus Erythematosus. This subject is carefully reviewed by Ambro- 
setti,® Some false positive reactions have been obtained with the various 
serologic tests for syphilis but the majority of the patients with various 
phases of this complex have given negative results. Schaumann and 
Heden,®®® for example, found only 2 definitely positive Wassermanns and 
another weakly positive reaction among 75 cases. Boas and lYitlr® 
found no positive reactions among 146 patients. No positive reactions 
were encountered in 6 cases by Dudumi and Saratzeano®' and in 9 by 
Schonfeld.®®' Gougerot and Burnier®* noted only 1 positive reactor among 
50 patients. Throne’s’™ cases, 36 in number, ail gave negative reactions 
except 1 -with an antecedent history of venereal disease. Freund®’ col- 



DERMATOLOGY AND SYPHILOLOGY 


527 


lected 23 positive reactions (9 %) in a group of 249 patients. Procliazka^^ 
had 73 patients, of whom 49.3% had an increased anticomplementary 
capacity. This was present in 8.3 % of 6 acute cases. The author believed 
the cause of this phenomenon resided in the lymphatics. Margaret, 
Rimbaud and Ravoire'®'^ observed 24% positive. Kogoj^®^ had 8 positive 
reactors among 132 patients. Carrera^® found 30% positive serologic 
reactions, while Pessano^^® noted 8.3% positive results in his 84 lupus 
erythematosus patients. Ambrosetti’s^ series of 108 patients studied 
with the Wassermann and Kahn standard tests yielded 4 positive (3.7 %), 
96 negative (88.8%), 2 doubtful, 1 anticomplementary. In 3 cases the 
Wassermann was positive but then became negative. Another case with 
Wassermann negative, Kahn standard negative, gave a Kahn presump- 
tive positive reaction. In another instance the Wassermann was nega- 
tive but the Kahn standard was doubtful (i. e., h)- Ambrosetti^ 

agrees with Pautrier^” that some patients may simultaneously present 
lupus erythematosus and either acquired or congenital syphilis. 

In this country little attention has been paid to the occurrence of 
positive serologic reactions to the tests for syphilis or little significance 
has been laid on their positive outcome. However, recently Sompayrac 
and Hailey*®” reported such a case with false positive Kahn reaction. 
In addition Coburn and Moore"*” noted that during life patients suffer- 
ing from disseminated lupus erythematosus have constantly presented 
hyperglobulinemia involving gamma globulin. It is believed by some 
that it is the reaction of this gamma globulin fraction with certain 
phospholipids which gives rise to false positive Kline and Wassermann 
reactions. 

Our own experience with carefully studied cases of acute and chronic 
lupus erythematosus would lead us to the conviction that false positive 
serologic reactions must be indeed rare in these states and when a positive 
reaction is encountered it probably represents an undiagnosed syphilis or 
technical error. 

Tuberculosis and Sarcoid. There is great question whether tuberculosis 
can cause biologic false positive reactions to the tests for syphilis. This 
doubtful ability of tuberculosis to cause false positive reactions is con- 
firmed by the literature and the relative infrequency of positive serologic 
reactions for syphilis among tuberculous groups. Nonetheless, there is a 
gradually expanding literature on this subject, indicating that some 
patients with tuberculosis yield positive reactions to the tests for syphilis 
without their having or having had syphilis. 

In 1922, Dulaney”” found 8 positive Wassermann reactions among 
100 tuberculous patients, but did not express himself on the question as 
to whether or not they actually had syphilis. Kilduffe and Hersohn*®® 
failed to detect any positive Kolmer or Kline reactions in a group of 
200 tuberculous subjects. Stuckey and Huntley””” felt that the Kahn 
reaction was not affected by the presence of tuberculosis. Bovunan”® as 
well as Horowitz*”’ also found no influence of tuberculosis, on the reactions 
to the serologic tests for syphilis. Snow and Cooper”’® likewise could 
elicit no false reactions using non-cholesterinized antigens, but they found 
31% of cases giving -j- to 2-{- reactions with cholesterinized antigen. In 
the first United States serologic evaluation study,®” the percentages of 
positive reactions obtained in 53 cases of tuberculosis were Hinton 5.7, 
Kolmer 2, Kahn, Kline and Eagle flocculation tests 1.9 each. Parran 
and Emerson””” reporting for a committee to study this problem reviewed 
the earlier literature cited above, mostly denying any significant influence 
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of tuberculosis on the serologic reactions. Eight out of 458 serums of 
presumably non-syphilitic individuals from 9 sanatoria gave positive 
reactions to many tests. Four of these were found to be probably syphil- 
itic, 3 were not available for reexamination and in 1 no evidence of syphilis 
could be found. These were considered syphilitics, although there is some 
doubt as to the justification for it. In the remaining 450 serums, 1 posi- 
tive result was obtained with the Eagle microflocculation test, 4 positives 
with the Hinton, 1 positive with the Kahn presumptive and 5 positives 
with the Kline e.\'clusion test. The Kolmer and Kahn standard tests 
gave negative results. Those tests giving positive results also gave a 
number of doubtful results. Some positive and doubtful reactions 
became negative on repetition. Parran and Emerson"^^ concluded that 
“tuberculous toxemia may contribute a confusing factor to syphilis 
serology. It should not, however, present a major problem in the clinical 
interpretation of results obtained with carefully conducted serodiagnostic 
procedures.” 

Stokes"*®’’ thought that latent tuberculosis was responsible for false 
positive serologic reactions. Eagle®*'’ reported a case which he concluded 
was probably technical rather than biologically false. Dunner and 
Mayer®® in 1933 found 43 positive reactions to one or all tests used among 
1200 patients with pulmonary tuberculosis. These patients also had 
clinical evidence of syphilis. There were 31 wlio gave positive reactions 
to one or several tests and in these there was no history or clinical evidence 
of syphilis; 12 of these came to autopsy without revealing evidence of 
sjTDhilis; 5 of the syphilitic patients who came to autopsy likewise had no 
evidence of syphilis. These authors concluded that positive reactions for 
syphilis do occur in persons with pulmonary tuberculosis who have neither 
history nor clinical or autopsy evidence of syphilis. They also observed 
patients in whom, with the advance of the tuberculosis, negative serologic 
reactions to the serologic tests for syphilis became positive. The studies 
of S. Berg,*® of Warring,*’* and of Sweany*®* indicate that tuberculosis 
probably causes only an insignificant number of false reactions. Sellek 
Azzi and Frade,®®® among more than 100 patients with infantile tuberculo- 
sis, obtained about 5 % false positnm serologic reactions for syphilis. The 
1941 Washington Serology Conference®**' showed that among about 
59 patients various tests gave 0 to 6.8% non-specificity in tuberculosis of 
any type. The more widely used tests gave 100 % specificity in any type 
of tuberculosis. 

Although sarcoidosis is not generally accepted as of tuberculous origin, 
discussion of this disease is made here for convenience. The fact that 
Frazier and Hu®® were able to isolate Treponema paUid^im from a sub- 
cutaneous sarcoid need not indicate that syphilis is the cause of any type 
of sarcoid associated with positive serologic reactions. In 1921 Vasek*®® 
and in 1923 F. Berg** reported examples of false reactions in sarcoidosis. 
Waldenstrom*®® reported 5 patients with sarcoid with positive serologic 
reactions, 1 of whom had no clinical, anamnestic or familial evidence of 
syphilis, but did have increased sedimentation rate and hyperglobulinemia. 
Waldenstrom*®® thought this explained the serologic outcome. Reisner®*® 
found negative reactions in 23 of his 35 cases of sarcoidosis. They were 
positive in 10 and doubtful in 2 instances. All the positive or doubtful 
reactions occurred among the 30 Negro patients of this series. He believed 
that no etiologic significance could be attached to this finding, since preva- 
lence rates*®* show 25 to 30% positive serologic reactions for syphilis 
among large groups of Negro patients. Antisyphilitic therapy did not 
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influence the clinical manifestation or course of the disease. Some of the 
positive cases persisted in spite of intensive and prolonged antisyphilitic 
therapy. Sometimes the reactions fluctuated between positive and 
negative. 

Acute Exanthemata. Acute exanthemata have not played an important 
role in the question of biologic false reactions, largely because usually the 
serologic tests for syphilis are not made on such patients as a routine, and 
also because in all probability improved serologic techniques have indi- 
cated that such diseases as scarlet fever and measles do not often yield 
false reactions. In fact, Lund^®* by his method of titration of traces of 
reagin was unable to demonstrate more than the average level of reagin 
in the blood of patients with scarlet fever. 

Scarlet fever has been reported the cause of some false reactions.-*'® 
Landau''^® reported on the Wassermann, Kahn and Sachs-Georgi reactions 
in the blood obtained from 164 patients, mostly children, with scarlet 
fever. The Wassermann and floceulation reactions were positive in 
1 patient. In 2 patients, the Kahn reaction alone was positive. It became 
negative in one in the 2nd week, and was still positive in the other in 
the 3rd week. When the tests were repeated in 2, 3 and 4 weeks, only the 
Sachs-Georgi reaction was positive in one patient during the 2nd week, 
but was negative thereafter. The author concluded that scarlet fever 
is not the cause of non-specific serologic reactions. Monticelli,*^"® on the 
basis of negative results with 364 Wassermann tests (Frankfurt method) 
on the serums of 150 children with scarlet fever, concluded positive sero- 
logic reactions reported in scarlet fever are due to varying sensitivity of 
the antigens used. He advises standardization of serologic procedure 
for serologic tests for the various countries. 

In 1932 Gunn*^® found occasional false positive reactions in patients 
with measles and chickenpox. He stated that in acute fevers there is an 
increase in the normal lipoidophil antibody content of human serum or 
a transient physical or chemical alteration of its composition which 
permits complement fixation to occur even in the absence of syphilitic 
infection. These may be present from the 3rd to the 21st day and rarely 
persist into the 4th week. His 6 serums from patients convalescing from 
mumps gave negative reactions. W. Smith®^^ found 2 siblings with 
positive sigma reactions 6 weeks after the onset of mumps. Their parents 
were negative, and 1 of the patients died of mumps encephalitis. He 
had a weakly positive Wassermann in blood and cerebrospinal fluid. 

In measles, Pockels®^® reported several positive reactions among 206 
children studied 1 to 2 weeks after the onset of the disease. Other investi- 
gators also noted some false reactions in this disease, but Eagle’*'" 
did not find any among 13 cases. 

Rat-bite Fever. Brown and Nunemaker®® in 1942 critically reviewed 
the American cases of rat-bite fever reported up to 1942 and pointed out 
that adequate proof has been obtained in only few cases, that Spirillum 
minus was the etiologic agent. Of 17 definitely spirochetal cases found 
in the American literature since 1930, 10 had a positive Wassermann or 
flocculation reaction. Beeson*® recently reported 2 more cases due to the 
spirochete, one of which had several weakly positive Kahn reactions. 
More recent evidence of the ability of this disease to produce positive 
reactions is presented by Beeson,*® by Wooley,®’® and by Taussig.’®® On 
the other hand, among the older reports, Bayne-Jones** deprecated rat-bite 
fever as a source of false positive reactions. Among 81 patients, 3 of 18 
tested yielded positive reactions. Bayne-Jones** felt they were syphilitic. 
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According to Brown and Nunemaker,^^ some cases of rat-bite fever are 
due to Streptohacilhis moniliformis [Strcptolhrix Havcrhillia moniliformis). 
Of 8 patients collected from the American literature in whom serologic 
tests were made, 3 had positive reactions. One of these probably had 
syphilis, thus leaving only 2 laboratory infections reported by Dawson 
and Hobby®^ which were insufficiently followed up. Broivn and Nune- 
maker^^ added 8 cases of their own.^ They made the diagnosis by culture 
or by a high titer of the antibodies to the streptobacillus. A transient 
positive reaction was found in only 1 ease. These data are insufficient 
to place this type of rat-bite fever as a real cause of false positive reactions 
in the serologic tests for syphilis. 

Rat-bite fever without specification of cause continues to be reported as 
a source of false positive reactions.®*-'-’'^®® No reports have been found 
dealing with the effects of artificial rat-bite fever (Sodoku) used thera- 
peutically, on the development of false positive reactions. 

According to Brown and Nunemaker®® one may conclude that the spiral- 
lary form of rat-bite fever is associated in 50 to 60 % of patients with a 
false positive reaction, while in the small number of the streptobacillary 
cases reported, the false reaction may occur in 37 %. Altemeier, Snyder 
and Howe^ state that the serologic reactions for syphilis are usually nega- 
tive in the spirillary form and negative in the bacillary form of rat-bite 
fever. The fact that penicillin benefits both types does not contribute 
to the elucidation of the problem of false positive reactions which the 
other authors cited above have reported as occurring in this disease. 

Relapsing Fever. Although this is thought to be a rare disease in the 
United States, -i’ it is a frequent cause of false positive reactions to the 
serologic tests for syphilis. A complete study of the early literature plus 
their own experience was reported in 1938 and 1939 by Ts’un and Chung, 
and Chung and Chang.^^ They found that 7.95% of 88 patients had 
transient positive Kolmer, Kahn or Kline reactions. These reactions 
became negative usually within 1 to 3 weeks when the temperature was 
normal. Serums of 29 cases in which intercurrent syphilis was diagnosed 
were found to be persistently positive. Those from the rest of the cases 
were uniformly negative. Pai,*^® at about the same time, reported that 
7 of 14 cases in his series gave positive Wassermann reactions which 
became negative when the disease responded to small doses of arsenicals. 

Trypanosomiasis. Although LandsteineP’® and his associates found 
that experimental trj'panosomiasis of rats and rabbits gave positive 
"Wassermann and flocculation reactions, it is curious that no recent refer- 
ence to such an occurrence in patients has been found. This experience 
is concurred in by Davis. Davis reports that Kelser has developed a 
diagnostic complement fixation antigen for T. cruzi. Kelser stated that 
“ tests of numerous "Wassermann-positive sera indicate that no difficulty 
will be experienced from cross reactions in connection with the two dis- 
eases.” 

Kala-azar. There is no unanimity of opinion as to the exact influence 
of kala-azar on the serologic reactions of the serologic tests for syphilis. 
Greval and his co-workers*®® believe it is a frequent cause and, in fact, 
more frequent a cause of positive reactions to the Wassermann test in 
India than is sj'philis itself. Lloyd and his co-workers,*®® however, do not 
concur. It is interesting to note that an L. E. Napier is involved in the 
publications of both sides of this question. 

Unclassified Infections, Natural or induced fever was responsible for 
2.2 to 8.9 % positive reactions among 4G cases tested in the first United 
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States Serologic Evaluation Study.®® Of the so-called “standard” tests, 
only the Kolmer and the Hinton gave positive results — 2.2 and 2.3% 
respectively. In the 1941 Washington Serology Conference,™*^ febrile or 
afebrile intercurrent illnesses yielded mostly 99 to 100 % specificity in the 
standard tests. Afebrile diseases showed in the standard tests that they 
were 99.3 to 100% specific. Corrigan®® found 3 positive reactions in 
3 non-syphilitic cases of endocarditis. On the other hand, Kelson and 
White*®® state that syphilis of the nervous system and elsewhere has been 
diagnosed as the primary disease or accompanying condition in subacute 
bacterial endocarditis because of false positive serologic tests. Brown 
and Nagle®^ in 1938 found only 1 positive Kahn reaction among 64 patients 
with tularemia. This disease undoubtedly has little effect on the serologic 
reactions. Hydatid cyst of the lung has been mentioned in connection 
with positive reactions Weil’s disease was shown by Rein and Elsberg^^® 
to be a frequent cause of positive reactions to the tests for syphilis. Among 
87 serums, 38 (43.6%) gave such a reaction. They were usually of low 
titer. Rein and Elsberg^^® thought that repeated tests in Weil’s disease 
would give a higher percentage of positive reactions. Typhus has also 
caused biologic false positive reactions. Reynes and Richard-®* reported 
a case in 1940. Warnecke®** has also studied this question.' Rein and 
Elsberg^^® studied serums from 104 patients with epidemic and murine 
typhus and on the basis of single examinations he found 39.4% positive 
reactions. Undoubtedly here, too, repeated testing might have raised 
the percentage of false reactions. No statement is specially made, but it 
is presumed that Rein’s cases were non-syphilitic. Rein and Elsberg^^® 
also tested serums from 53 patients wdth filariasis. They noted 11.3% 
doubtful or positive results. A number of authors have reported false 
positive reactions in various diseases, mostly infections in children.®^’'*®’*^'*'™ 

Jaundice of various types has been rated as possibly inducing biologic 
false positive reactions. Davis and Sidel®® found 3 positive reactions 
among 103 patients with jaundice. Rominger and Szego®®® reported a case 
of catarrhal jaundice with a false positive reaction. In the first United 
States Serologic Evaluation Study,®® however, all the more commonly used 
tests gave no false reactions among 51 cases of jaundice. Other tests 
gave as much as 2 to 3.9 % positive. Kutzell and Puccinelli*'*'* observed 
15 transient false positive or doubtful positive reactions in 63 patients 
with infectious hepatitis among allied- military personnel in Sicily. These 
reactions were noted after the appearance of the jaundice, since the serums 
were not tested prior to the onset of the jaundice. 

Non-infectious States. Pregnancy and menstruation have been cited 
as causing biologic false positive reactions to the serologic tests for syphilis. 
Spiegler™ in 1932 found only 0.45% positive reactions among 6580 
patients. In the 1934 serology conference,®® the “standard” tests, wuth 
the exception of the Hinton, gave no such reactions in 54 patients. The 
Hinton test yielded 109% positive reactions. Kandler*®® in 1940 con- 
cluded from an experience with 10,354 pregnant Avomen, that there is no 
evidence that pregnancy impairs the sensitivity or specificity of the tests. 
Ingraham and Mayer*®® likewise, from a small series of carefully studied 
normal persons, found that the menstrual cycle has no effect on the sero- 
logic reactions for syphilis. Malignant tumors have gi^^en little eAudence 
that they affect the serologic reactions. In this connection, one must 
remember the frequent association of malignancy and sjqjhilis. The 
1934®® serology conference and the 1941 Washington conference™** yielded 
little .to support the idea that tumors cause false positive reactions. 
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Sorba,^®^ however, found that 14.1 % of 262 patients with carcinoma of the 
cervix gave positive reactions, whereas the usual run of carcinoma patients 
in the same region gave 1.6% positives. While these are not claimed to 
be false reactions, one wonders whether carcinoma of the cervix predis- 
poses to false reactions. Matsumura^®* in 1934 tested the serologic reac- 
tions in 397 cases of malignant tumors (336 carcinoma, 61 sarcoma of 
various parts of the body). The reaction was positive in 13% of the 
carcinoma and about 20% of the sarcoma patients. No clinical e^odence 
of syphilis was found in many of these patients, even at autopsy. 

Horse sennn has been known to produce biologic false positive reac- 
Other rarely mentioned causes of reactions are: lead 
poisoning, acetic acid poisoning, diabetes, drugs (c. g., sulfanilamide), 
ether anesthesia, repeated blood donation,^®® cadaver blood.-®® The verity 
of these as producers of false positive reactions is highly problematical. 

Hyperproteinemia. In connection with certain diseases which yield 
presumably false biologic reactions, the question of hyperproteinemia has 
been raised. Certain aspects of this subject have been discussed else- 
where in this review (r. g., lymphogranuloma venereum). A general re- 
Auew of the relationship of hyperproteinemia to biologic false positive 
reactions of syphilis has been the subject of special study by Cardon and 
Atlas.^® They noted that hyperproteinemia, except when caused by 
dehydration, is associated almost invariably with highly elevated sedi- 
mentation rates, even in the absence of fever. Jeghers and Selesnick*'*® 
observed anticomplementary Wassermann reactions frequently in asso- 
ciation with hyperproteinemia, especially in patients with such conditions 
with lymphogranuloma ^'ene^eum and multiple myeloma. Cardon and 
Atlas, comparing the conditions reported with liyperprotcinemia with 
those presumed to give biologic false positive or anticomplementary reac- 
tions, suggest that perhaps a common factor is concerned. 

While the reasoning of these men is suggestive and the association of 
hyperproteinemia with biologic false reactions frequent, Cardon’s group''® 
used criteria of falseness which of themselves are false, namely, the presence 
of a positive Kahn reaction but negative Wassermann reaction (in 2 cases 
anticomplementary). They considered 1 patient who had simultaneous 
positive reactions to both tests as syphilitic. Davis®^ stated that the 
impression that false positive serologic reactions are often caused by con- 
ditions which give rise to a marked hj'^perglobulinemia is unwarranted. 
He stated; “ Hyperglobulinemia is in general caused by tAVO types of 
disease: (1) a variety of infections, in Avhich at least part of the increased 
globulin is antibody ; and (2) conditions not especially involving antibodies, 
such as cirrhosis of the liver, dehydration and multiple myeloma. There 
is reliable evidence that any member of the second group is associated 
with these positive tests ; it appears reasonable to regard the hyperglobu- 
linemia and the occasional positive reactions of the first group as separate 
manifestations of the underlying infectious process, rather than to con- 
sider one the cause of the other.” 

Holmberg and Gronwalh®® reported that a peculiar crystallized serum 
globulin from a patient with an undiagnosed arthritis Avas reported anti- 
complementary like other isolated globulins.®* 

False Positive Reactions in the Cerebrospinal Fluid. The occurrence of 
false positive serologic reactions for syphilis in the cerebrospinal fluid 
has received little attention, although as far back as 1910 Oppenheim"’ 
reported the first c.xamplc of angle tumor (pontocerebellar) Avith positiA'c 
cerebrospinal fluid Wassermann. In many of the subsequently reported 
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cases technical error has not been excluded by confirmation of the original 
positive reaction nor has syphilis always been definitely excluded. Recent 
authors'^i^’^^®'’ have implicitly relied on the specificity of the cerebrospinal 
fluid Wassermanns except, perhaps, “in the rare instances in which a 
syphilitic patient with a positive blood Wassermann develops an acute 
pyogenic or aseptic meningitis. This phenomenon undoubtedly depends 
on an alteration of the blood-spinal fluid barrier and a passage of reagin 
from blood to spinal fluid.” Although some authors agree with the idea 
that false positive reactions represent transfer (filtration) of reagin from 
the blood, there is evidence that the reagin or antibody is formed within 
the central nervous system locally The chief argument of 
those who favor the filtration theory is that there is rarely more reagin 
in the cerebrospinal fluid than in the serum. Wiener and Derby^'®^ have 
shown that while it is true that the reagin content of the cerebrospinal 
fluid is hardly ever greater than that of the serum, this is not a valid 
argument for Dujardin’s theory.®* Were the concept of passive filtration 
correct, a parallel filtration of iso-agglutinins could be expected, but in 
no case could Wiener and Derby®^® find any iso-agglutinins in the cerebro- 
spinal fluid, even when the reagin titer was equal in blood and cerebrospinal 
fluid and the iso-agglutinin titer in the blood higher than that of the 
reagin. Wiener and Derby®*® do not implj^ that there is never any filtra- 
tion of reagin from the blood into the cerebrospinal fluid. They further 
explain the lower titer of reagin in the cerebrospinal fluid on the basis of 
the usually less poorly developed capacity of the central nervous system 
to form antibodies, possibly because of its small number of reticulo- 
endothelial cells. If the Ehrich and Harris theory'*® of antibody formation 
in the lymphocytes is correct, Wiener and Derby’s contention®*® would 
still seem to hold. 

Further evidence for the idea of local formation of reagin in the central 
nervous system in neurosyphilis is suggested bj' the work of Kabat and 
co-workers*^ who demonstrated a high proportion of gamma globulin in 
such fluids which could not be explained on the basis of filtration from 
the blood. The question of faulty absorption of the spinal fluid which 
may produce a local concentration of the proteins has apparently not been 
explored. Freund®® as well as Morgan, Schlesinger and Olitsky®*^ have 
shown that a lower titer of various antibodies develops in passively im- 
munized rabbit’s cerebrospinal fluids as compared rvith the serums. 
Therefore, aside from cerebrospinal fluids grossly contaminated with posi- 
tive blood*® •*®®"*® in sufficient quantity to induce a technically false posi- 
tive reaction in the fluid, fluids otherwise technically correct would rarely, 
if ever, yield false positive reactions. In spite of this, a large literature 
has arisen purporting to demonstrate such reactions. Furthermore, to 
prevent non-specific and prezone reactions in the Wassermann test with 
sera and spinal fluids, Boerner and Lukens®* advised the use of egg albu- 
men as a protection protein. Later, however, Boerner, Lucas and Ellis®® 
found the addition of egg albumen to cerebrospinal fluid in the Boerner- 
Lukens method of Wassermann test had a desensitizing effect when pre- 
tested complement was used. They recommend avoiding the addition of 
egg albumen to cerebrospinal fluid if the complement is pretested with the 
antigen used. 

A few reports of false positive cerebrospinal fluids have been made in 
mumps,®** in malaria*®®’®®® and in neurologic diseases.®* •*‘*®’***’®®®’®'®’®®®’®*i 
Kuske,**® on the other hand, investigated the frequency with which com- 
plement fixation tests for syphilis with cerebrospinal fluid from patients 
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given malaria treatment for gonorrhea became positive. None of these 
patients developed positive reactions in the cerebrospinal fluid. He also 
Wnd that positive Wassermann reactions did not develop in the cerebro- 
spinal fluid of patients with latent syphilis during malarial infection. 

Among the neurologic diseases which have been reported as associated 
with false positive cerebrospinal fluid reactions (with negative blood reac- 
tions), encephalitis,^^® post-traumatic convulsions,*'^ meningococcus men- 
ingitis,®® pneumonia and meningitis®®® are included. McLean and Mun- 
ggp 2 oo report 10 cases in which the cerebrospinal fluid gave biologic false 
positive reactions for syphilis. These consisted of encephalomalacic 
atrophy, encephalomalacia, streptococcus septicemia, electrical burn, 
extrathecal panniculitis, cerebrospinal rhinorrhea, skull fracture, concus- 
sion, neuritis and multiple sclerosis. The authors produced a positive 
Wassermann reaction in the cerebrospinal fluid of a dog by injecting 
intracisternally the fluid from a craniopharyngioma. 

Sezary and Terrasse®** have summarized the literature on false positive 
reactions associated with tumors of the neuraxis. They added 4 cases of 
their own to the world’s literature (32 in all). Seven of the patients were 
old syphilitics, but in 25 there was no evidence of syphilitic infection. In 
most of the cases, the Wassermann was strongly positive. Among 
29 cases in which the blood Wassermann was examined, the reactions 
were positive in 4, slightly positive in 2, and negative in 23. A positive 
reaction in cases of brain tumor is rare (7 of 40 cases, Vincent®®*). The 
sites of the tumor seem to have little influence on the outcome of the 
serologic reaction except that tumors which block the subarachnoid space 
and cause Froin’s syndrome are especially apt to cause this anomaly. 
Antisyphilitic therapy may often bring about temporary improvement in 
the brain lesion. The positive reaction in the cerebrospinal fluid in brain 
tumor is also sometimes accompanied by hyperalbuminosis and hyper- 
leukocytosis. We have seen cases of neuraxis tumors which confirm these 
findings of a positive Wassermann reaction and excessive protein content 
of the cerebrospinal fluid. Desneux®® and, more recently, Cardona^* have 
denied that positive Wassermann reactions occur in the cerebrospinal 
fluid in cases of nervous system tumors in the absence of syphilis. 

A most interesting and important contribution to the problem of bio- 
logic false positive cerebrospinal fluid Wassermann reactions is that of 
Scott, Reynolds and Mohr®®® dealing with such reactions associated with 
meningitis. These workers have shown in a convincing fashion, on the 
basis of 7 cases of confirmed false positive cerebrospinal fluid Wassermann 
reactions in non-syphilitic individuals during the course of meningitis 
(3 tuberculous, 2 meningococcal, 2 aseptic lymphocytic), and on 20 uncon- 
firmed positive cerebrospinal fluid Wassermanns in non-syphilitic patients 
with various types of acute intracranial disease (technical errors?) that 
false positive cerebrospinal fluid Wassermann reactions may occur in 
S5'philitic and non-syphilitic patients during the course of pyogenic, 
aseptic, and tuberculous meningitis, and perhaps other types of intra- 
cranial disease. They conclude that the diagnosis of neurosyphilis based 
on a positive cerebrospinal fluid Wassermann reaction alone is unjustified 
in patients suffering from meningitis and other acute intracranial disorders 
until repeated examinations, performed after these processes have sub- 
sided, demonstrate the continued presence of reagin. With this view we 
are in full accord. 

Kolmer,*®®' discussing this problem, concludes that cerebrospinal fluids 
are much less likely than sera to yield these false reactions. This, he 
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believes, is due in a large part to technical conditions, but it is unlikely 
that normal non-syphilitic individuals yielding falsely doubtful and positive 
reactions on the blood also show a similar reaction in the spinal fluid. 
It is well known that the natural antibodies occurring in the sera of normal 
individuals do not occur in their cerebrospinal fluids. 

The Possible Causes of the False Positive Reactions. At the outset of 
any discussion of this phase of the problem, one may state categorically 
that there is no definite knowledge as to the mechanism responsible for 
the production of biologic false positive reactions to the tests for syphilis. 
Any proposed explanation is countered by evidence “proving” just the 
contrary. In view of the conflicting and often almost incomprehensible 
theories of the underlying mechanism of production of not only the false 
but the true serologic reaction, it is our purpose here only to refer the 
reader for details to the appropriate publications. Moreover, throughout 
this presentation, some discussion has been made of some of the points 
dealing with probable mechanisms. 

Davis®^ has conveniently classified the possible causes of biologic false 
positive reactions as follows: “(a) an antibody identical with the Was- 
sermann antibody produced in syphilis; (b) an antibody differing in 
some ways from the true Wassermann antibody, but cross-reacting with 
Wassermann antigen or some component thereof; or (c) physio-chemical 
changes not involving antibodies, which produce flocculation or comple- 
ment fixation reactions.” 

'The nature of syphilitic antibodies has been recently discussed in detail 
by Eagle, Eagle and Hogan,’^ Witebsky,®^^ Beck,^' Kolmer,^®^” Davis,®^ 
Ratcliffe,^^ and Sachs.^®^ The review of this subject by Davis®^ and his 
proposals for future study of the fundamental processes involved in the 
problem of biologic false positive reactions are worthy of extended study. 

Spirochetal Antigens in the Serum Diagnosis of Syphilis. Antigens 
prepared from cultures of Treponema pallidum have recently aroused 
considerable interest and a hope that they might serve as a specific means 
of differentiating true from biologic false positive reactions to the sero- 
dragnostic tests for syphilis, as well as help to explain the basis for these 
reactions. This work, revived in this country by Erickson and Eagle’® 
has been thoroughly restudied by Kolmer and his group in a series of 
exhaustive publications.’®®“-^'‘'’^'*'’®®“-*’-”2 Unfortunately the use of spiro- 
chetal antigens does not supply the answer to the specific versus the non- 
specific reaction question. But, because of the fundamental problems 
involved, it is proposed to review the significant facts regarding spirochetal 
antigens. 

Antigens prepared from cultures of T. pallidum were first employed in 
1912 by Noguchi,=“ and Craig and Nichols,®® and in 1913 by Kolmer, 
Williams and Laubaugh.”® At that time these antigens were found to be 
inferior in sensitivity to alcoholic extracts of beef heart reinforced with 
cholesterol in the Wassermann test. In 1929 the work of Gaehtgens®^®-' 
and Gaehtgens, and Otto®^“ renewed interest in spirochetal antigens, pre- 
pared of cultures of the Reiter strain of T. pallidum. This was followed by a 
large literature on the use of this antigen, which was commercially avail- 
able in Germany as “palligen” and other spirochetal antigens. For a 
complete critical review of this literature the reader is referred to the 
excellent paper by Kolmer.’®®^ Kolmer, Kast and Lynch’®®® found, how- 
ever, that antigens prepared of cultures of Treponema microdentium and 
T. macrodcntium are capable of fixing complement with syphilis reagin 
just as well as those prepared of cultures of various strains, of T. pallidum, 
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including the Reiter strain. That is to say, complement fixation reactions 
with spirochetal antigens in syphilis are of a group character. Kolmer, 
Kast and Lynch^®® also found the same to be true of agglutination of 
these spirochetes by normal and syphilitic serums. Kolmer and Kast’®® 
suspect on the basis of cultural characteristics that the Reiter strain may 
not be T, pallidum at all. 

In spite of the claims that spirochetal antigens are specific, it has been 
well demonstrated that antigens prepared of cultures of alleged T. pallidum 
are capable of giving a varying percentage of non-specific or falsely positive 
complement-fixation reactions with the sera of non-syphilitic individu- 
als.’®®® In a total of 36,255 tests employing " palligen ” these have varied 
from 0.4 to 3.4%.’®®°" In fact, Erickson and Eagle'’® reported the 3.4% 
false positives in the serums of 528 non-syphilitic individuals although 
none were observed in the serums of 15 additional individuals who were 
normal.’’® In the 1941 'V^’ashington Serology Conference,®®’*’ Richter found 
that the Kolmer simplified tests conducted with an antigen of the Reiter 
strain gave 6.3 % positive or doubtful reactions with the serums of normal 
individuals and non-syphilitic patients, excluding those with leprosy and 
malaria. In the same survey Eagle'”-’' found 1.9% positive or doubtful 
reactions on the same group with a spirochetal antigen likewise prepared 
of the Reiter strain. With both antigens, the percentage of these falsely 
positive reactions with the serums of non-syphilitic individuals was higher 
in the case of those with febrile intercurrent diseases, tuberculosis and 
malignant disease than in normal individuals. The antigen likewise 
yielded high percentages of positive reaction in serums from patients 
with malaria and especially leprosy just as non-specific reactions occur in 
the serums of patients with these diseases when tested with the Wasser- 
mann or flocculation tests. In the Washington Conference Richter 
reported 57.6% positive or doubtful reactions with the serum of lepra 
patients tested by the Kolmer simplified method using tissue antigen and 
27.1% positive or doubtful reactions with the Kolmer spirochetal antigen. 
The Eagle Wassermann test gave 39.8% and his pirochetal antigen 20.6% 
positive or doubtful reactions. These figures argue very potently against 
Eagle and his colleagues’ claims that the use of spirochetal antigens will 
identify as biologic false reactions the positive Wassermann and floccula- 
tion reactions encountered in leprosy and malaria. Kolmer interprets 
these results to mean that in the serums of some non-syphilitic human 
beings there is a natural spirochetal antibody capable of yielding falsely 
positive reactions to the complement fixation as well as flocculation pro- 
cedures, not only with suspensions of cultures of “alleged T. pallidum but 
with other spirochetes as well with special reference to T. microdcnlium 
and T. macrodcniivm.” Wfliile this natural antibody may occur in serums 
it does not occur in the cerebrospinal fluids of non-syphilitic persons.’®®° 
This is in keeping with the well-known fact that natural antibodies like 
antitoxins, agglutinins, etc., commonly present in normal serums, do not 
occur in normal cerebrospinal fluids. Accordingly Richter and Eagle did 
not find any non-specific or falsely positive complement fixation reactions 
with cerebrospinal fluids of non-syphilitic individual tests with spirochetal 
antigen in the Washington survey. 

Kolmer, Kast and Lj’nch’®®“ also found that the acquired antibody in 
syphilis is more likely to give positive complement fixation reactions with 
antigen prepared of virulent T. pallidum (Nichols-Hough strain) recovered 
from acute testicular syphilomas of rabbits than with antigens prepared 
of cultures of non-\'irulent T. pallidum. Technical difficulties of securing 
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the tissue spirochetes free of cellular debris make it unlikely that tissue 
spirochetes can be used on a large scale. A culture of virulent T. pallidum 
has not as yet been obtained^®® even by the newer methods of chick em- 
bj.yo 228 Qj. tissue culture.^®® 

The question is unanswered as to whether or not spirochetes contain 
an ubiquitous lipid also present in alcoholic extracts of beef heart with 
the result that the various serologic tests are due to spiroehetal antibodies 
as maintained by Eagle and Hogan.’^ Kolmer, Kast and LyncW®® showed 
by absorption experiments that the reagin responsible for the Wassermann 
and flocculation reactions in syphilis is different from the antibody pro- 
ducing positive reactions in these tests with the spirochetal antigen. This 
view is affirmed by Kroo, Schultze and Zander Gaehtgens,®^® and by 
Beck.*®' Beck reached this conclusion concerning the independence of the 
2 types of reagin by observing that the absorption of syphilitic serum with 
Wassermann antigen removed the reagin but not the complement-fixing 
antibody or agglutinin for the Reiter strain of Spirochseta pallida. On the 
other hand, absorption with spiroehetes removed all of the reagin. Absorp- 
tion with an alcoholic extract of the Reiter strain of spirochetes removed 
the reagin but not the spirochetal antibodies. This showed a relation 
between the lipids, of the spirochetes and the lipids of the Wassermann 
antigen (alcoholic extract of heart). Eagle and Hogan*® have reported 
that absorption of human syphilitic serum with beef heart lipids removed 
all of the reagin but not the spirochetal antibodies. This accords with 
the experience of Kolmer*®®*' and Beck.*®' But Eagle and Hogan*® reported 
that absorption with the Reiter strain of spirochetes (" palligen ”) removed 
not only the spirochetal antibodies but the reagin as well, in contrast 
with the results of Beck and Kolmer. As a result of their experiments 
Eagle and Hogan*® concluded that spirochetes contain an ubiquitous lipid, 
also present in alcoholic extracts of beef heart and that the Wassermann, 
flocculation and spirochetal complement fixation reactions are due to 
spirochetal antibodies. Kolmer has disagreed with this view and in 
addition maintains that immunization of rabbits with living and heat- 
killed strains of S. pallida (Nichols-Hough ; Noguchi; and Kroo) as well 
as with T. microdentium and viacrodentiuvi produced large amounts of 
spirochetal antibodies but not the reagin “ lipoid antibody. "*®®“ Kolmer 
considers the question whether rabbits given injections of tissue lipids 
produce reagin and spirochetal antibodies as undecided.*®-*®’*®®®'®®® Beck*®' 
furthermore noted that when human syphilitic serum is heated at 63 ° C. 
for 30 minutes the spirochetal antibody is not destroyed but the Wasser- 
mann reagin is. Eagle and Hogan*® found no difference in thermoresis- 
tance while Kolmer, Rule and Trist*** found that heating serum 30 minutes 
at 62° C. results in a definite loss of Wassermann antibody. Kolmer 
found a lesser loss in the case of the spirochetal antibody. In the case of 
normal rabbit serum, Kolmer found striking differences in resistance to 
heat between the substance yielding positive Wassermann reaction and 
spirochetal antibody. The former is destroyed at 62° C. while the spiro- 
chetal antibody is resistant. It is possible that this Wassermann reactive 
substance in normal rabbit serum may not be identical with human 
syphilitic reagin. It is concluded that the preponderance of evidence 
favors independence of the spirochetal antibody and sjqihilis reagin. 

The mode of action and the chemical nature of spirochetal antigen is 
unknovm. It is probable, according to Kolmer and his associates**® and 
to Beck,*®' that the lipids of T. pallidum are important in complement 
fixation by the Wassermann reagin. Whether spirochetal antibody 
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reacts with them is unknown; but it has been suggested that it fixes com- 
plement with some other constituent of spirochetes of a non-protein 
nature^^^ 

The value of spirochetal antigens as a differential test seems to the 
Reviewer to be questionable. In the Washington Survey, Richter, 
using Kolmer’s simplified test with tissne or lipoidal antigen had a sensi- 
tivity rating of 74.1% and the Kolmer spirochetal antigen 70.6%. The 
rating for the Eagle Wassermann test was 59.2 % and for his spirochetal 
antigen 75.9%. Kolmer also found that a mixture of spirochetal and 
tissue or lipoidal antigens was more sensitive in complement fixation 
tests with syphilitic sera than spirochetal antigen alone, but less sensitive 
than tissue or lipoidal antigen alone. The mixture has also given a 
smaller percentage of non-specific or falsely positive reactions with normal 
serums than the spirochetal antigen alone. 

Verification Tests. Shortly after the complement fixation and floccula- 
tion tests were found to be non-specific, a number of laboratory procedures 
were devised to differentiate bet^veen true and false positive reactions. 
Hecht'*^ in 1914 proposed the first of these so-called verification or con- 
firmation tests. This was followed in 1921 by that of Wassermann^’”* 
which was based on an alleged separation of antibody from antigen by 
filtration. Witebsky^*^ in 1933 obtained purified antibody from a malarial 
serum as well as from syphilitic serum by a method of heat dissociation 
but he failed to recover any from certain other false positive serums. 
Others have also proposed differentiation tests which have proven to be 
of little practical value. 

In 1940, R. L. Kahn*”*® showed that; (1) Serums from syphilitic persons 
giving positive reactions with a diagnostic test show by means of a special 
procedure a tendency toward marked precipitation at 37° and little or 
no precipitation at 1 ° C. The procedure is similar to that of the Kahn 
test. (2) Serums from apparently normal animals and from presumably 
non-syphilitic persons giving positive reactions with a diagnostic test 
show by the same procedure a reverse tendency, namely, marked precipi- 
tation at 1° and little or no precipitation at 37° C. 

These observations suggested the practical utilization of this procc dure. 
Thus, when a serum gives a positive reaction with a diagnostic test and 
this reaction is suspected of being a false positive, the serum is examined 
with this procedure at 37° and 1° C., respectively. If precipitation is 
found to be marked at 37° and is negative or practically negative at 1 ° C., 
the probability is that the diagnostic test gave a correct reaction. If, 
however, precipitation is found to be marked at 1° and is negative or 
practically negative at 37° C., the probability is that the diagnostic test 
gave a false reaction. 

The term “verification test” has been applied to this differential 
temperature procedure. The test is reported positive or negative, depend- 
ing on whether the serum tested gives more marked precipitation at 37° 
or at 1° C. In the case of strongly positive serums, the degree of precipi- 
tation is not affected by temperatures of 37° or at 1° C., unless they are 
first diluted udth physiologic salt solution. The extent of dilution neces- 
sary is determined by the quantitative Kahn test. After thus reducing 
the serums from strongly to weakly positive, the differences in the results 
at the two temperatures become evident.*^® 

Application of the Kahn differential temperature verification test to 
the problem of the biologic false positive reaction has led to a variety of 
differing opinions. Chargin and Rein^® in their appraisal of this test on 
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cliflical and serologic grounds on 1565 patients with various conditions 
comprising syphilis and various dermatoses, questionable conditions, 
pregnancy, contagious conditions, found that among 349 syphilitic patients 
who had received varying amounts of treatment, the verification tests gave 
the syphilitic type of reaction in 100% of those with strongly positive 
serodiagnostic reactions, in 76.5% of those with weakly positive reactions 
and in 40.2 % of those showing doubtful reactions. There were no reac- 
tions of the syphilitic type in the patients with negative serodiagnostic 
reactions. The general biologic type of reaction in the group with nega- 
tive serologic reactions was 7.1 % and in the.group with doubtful serologic 
reactions 12.1%. In the non-syphilitic groups a varying percentage of 
syphilitic and general biologic types of reaction was noted. It would 
appear therefore that strongly positive serums regularly give the syphilitic 
type of reaction but weakly positive serums, syphilitic or not, tend to 
give the other type of reaction. Green and Forster^®® have indicated 
from their study that the usefulness of the verification reaction lies in the 
diagnosis of syphilis no less than in the recognition of falsely positive 
reactions. Beveridge^^ also felt that the verification test gives a- great 
increase in sensitivity apart from its verification aspect. In 268 patients 
with pinta, all of whom gave strongly positive serodiagnostic reactions, 
Chargin and Rein^® found 83.9% gave a syphilitic type of reaction to the 
verification test. Briceno Rossi,®^ however, found that in general the test 
gave a syphilitic type of reaction in pinta and yaws. The syphilitic type 
of verification reaction has been reported in some serums from patients 
after vaccination (Lubitz;^®® Lynch, Boynton and Kimball;^®® Thomas 
and Garrity®®®). Of 30 lepers Briceno Rossi®' found 19 to give negative 
verification reactions; 4 positive at 1° C., and 37° C.; 3 gave the syphilitic 
type and 4 the general biologic type of result. Chargin and Rein^® found 
essentially the same degree of unreliability of the test in leprosy. The 
test has even been accepted and recommended for routine use in malarial 
districts.'*' Kahn"® soon recognized the shortcomings of his heat test 
and in 1942 proposed a new verification method. This consists in carrying 
out a standard Kahn test parallel Avith a similar test in which the antigen 
suspension is prepared by mixing the antigen Avith 2.5 % sodium chloride 
solution instead of the 0.9 % salt solution, and also one in Avhich the serial 
dilutions are made AA'ith distilled water. A higher quantitative titer on 
serial dilution Avith 2.5 % salt concentration than 0.9 % salt concentration 
denotes a general biologic (non-syphilitic) type of reaction. In the 
presence of the latter type of reaction the titer AAuth serial dilutions of 
distilled Avater is still higher than that with the serial dilutions of 0.9 % 
salt solution. This type of A'erification test has not had Avide usage. 

Kahn*'*®'* apparently induced by Chargin and Rein’s'® evaluation of the 
heat differential test has added a third test to the second “ salt dispersibility 
technique” which he has designated “Method B.” This consists of per- 
forming the standard Kahn test as usual AA-ith the exception that, after 
the 3 minutes shaking period, sodium chloride solution of 2.5% concentra- 
tion instead of 0.9% is added to the tubes in the regular amounts of 
1, 0.5 and 0.5 cc,, respectively. If a physician submits a specimen for 
verification the folloAA'ing procedure is folloAA-ed: (1) A standard Kahn 
testis performed; (2) “Method B” is carried out; (3) the salt dispersibility 
technique is done. In the case of weakly positive and negative reactions, 
the “ heat differential” test is applied while in the case of strongly positiA'-e 
results, the “triple quantitative technique” is employed. An excellent 
critique of the so-called “ verification” tests with particular reference to 
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the various Kahn tests is given by Mohr, Scott, Hahn, Clark and Moore.‘“' 
One must agree with these authors — that the “ serologic phenomena noted 
by Kahn are of the greatest importance for further detailed scientific 
investigative study. It is clearly of fundamental concern to determine 
whether the positively reacting substance occurring in certain (perhaps 
all) normal human beings or produced after intercurrent infections or 
other stimuli, is qualitatively identical with the reagin produced in syph- 
ilis. To apply these phenomena to a diagnostic test, designated by so 
great an authority as Kahn as a " verification test,” is, however, distinctly 
premature on the basis of present information.” 

Rytz^® proposed a differential test in 1939 involving the principle of 
removing the bulk of serum protein by precipitation with 2% copper 
sulfate solution and leaving in solution the reacting substance of syphilitic 
serum. In spite of repeated progress reports by Rytz,^®* no concerted 
attempt to verify the performance of this procedure has developed. 

Neurath and his associates-^ at Duke University in an extensive in- 
vestigation directed toward the development of a serodiagnostic method 
for the differentiation between syphilitic and non-syphilitic sera, made 
observations which indicate that in the 2 groups of sera the reacti^'e 
antibodies differ from each other in certain significant respects. Based 
on the previously reported Avork which showed that even in strongly 
reactive syphilitic sera the antibodies constitute but a minute fraction 
of the total proteins and that isolation by specific flocculation with lipoidal 
antigen yields extremely low recovery of the purified product, a practical 
approach to the problem was attempted by this group based on non- 
specific methods of characterization and fractionation of the sera. Results 
with electrophoresis, fractionation, inhibition, and redispersion, heat 
stability and adsorption in calcium phosphate indicate that the antibodies 
of truly syphilitic serums reactive with lipoidal antigen, differ from those 
of biologic false positive serums in certain chemical and immunologic 
respects. These investigators are exploring the possibility of adapting 
these findings to the development of a practical method of differentiating 
true from false positive reactions to the tests for syphilis. Rein and 
Pillemer-*’ tried an “inhibition procedure” for differentiating true from 
false reactions but they found the method to have definite limitations. 

Requirements of a Satisfactory Differential Test. Rein and Elsberg^"*® 
have outlined under the following heads the criteria a verification pro- 
cedure must fulfill before it can be considered practical. 

“1. Serums from sypliilitic individuals with positive serologic tests should 
always give a syphilitic type of verification reaction. 

“2. Serums from non-syphilitic individuals with positive serologic tests 
should always give the false positive type of verification reaction. 

“3. The diagnosis of syphilis should be established in persons who con- 
sistentlj’- give the syphilitic types of verification reaction on repeated 
e.xamination. 

“4. The diagnosis of syphilis should be excluded in persons who con- 
sistently give the biologic false positive (non-syphilitic) type of verifi- 
cation reaction on repeated examination." 

Whether or not newer differentiating methods wdll yield reliable informa- 
tion is a question. In 1943 Kahn'^®/ still maintained that with his verifica- 
tion tests their greatest value lay “in the investigation of the specificity 
of positive serodiagnostic reactions in such cases in which all clinical 
indications point to the absence of syphilis'.” Rein and Elsbergr^® are 
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not so certain that too much confidence can be “ placed in the verification 
test results in those individuals whose syphilitic status is in doubt.” The 
Reviewer’s limited experience agrees with this latter viewpoint. 

Management of a Suspected Biologic False Positive Reaction. Since 
there is no satisfactory single procedure or combination of laboratory 
procedures as yet available to differentiate with certainty between true 
and false reactions to the tests for syphilis, various compromise clinical 
and laboratory work-ups have been suggested. In 1926 Stokes"®®“ dted 
a series of 22 procedures which might have to be invoked in reaching a 
decision as to whether or not a patient has syphilis. In 1939 he proposed 
a scheme for the checking of a positive serologic test report.'®®^ This was 
followed in 1940 by a brief outline of a procedure W the attempted 
differentiation of these two types of reactions by Moore^^““ and later this 
was elaborated by Moore, Eagle and Mohr.^^^ Other, but somewhat 
similar, methods of procedure were suggested by Harrison and Osmond,”® 
by Kolmer,^®®/ by Rein and Elsberg,^"*® and by Davis.®'' All these schemes 
have the same defect; none of them even if followed precisely will really 
differentiate a true from a biologic false positive reaction. Since, how- 
ever, they represent the best method of approach to the problem we 
possess, the method-” is outlined briefly. For details, the reader is 
referred to the original sources. 

Moore and his associates^” have suggested the following procedures when 
biologic false positive serologic tests for syphilis are suspected: careful 
histor5'-; careful physical examination for evidences of acute infection 
preceding the questionable serologic test, with special reference to lymph 
nodes, spleen and lungs; search of blood smears for malarial parasites; 
blood smears for infectious mononucleosis; blood test for heterophil anti- 
body (the Paul-Bunnell test, which is specific for infectious mononucleosis) ; 
determination of the sedimentation rate; repetition of the serologic test 
for syphilis by several different techniques and in several different labora- 
tories; performance of a “verification test;” testing the patient’s serum 
by complement fixation with spirochetal antigen; testing the patient’s 
serum with wholly non-specific antigens such as those prepared from 
bacteria; prolonged serologic follow-up; examination of the members of 
the family and sexual contacts; examination of the cerebrospinal fluid, if 
a decision cannot be reached earlier. These authors consider the provoca- 
tive procedure worthless. They advise withholding antisyphilitic treat- 
ment unless and until the diagnosis of syphilis is proved. 

The occasional occurrence of false positive reactions should not lead to 
wholesale condemnation of the serologic tests for syphilis. The following 
quotation from Harrison and Osmond”® is a sound evaluation of the 
present status of these procedures. 

“ In 1918 the Medical Research Committee’s (now the Medical Research 
Council) Committee on the Standardization of Pathological Methods said: 

“ H?!. the opinion of the Covnniitec there is no process of biochemical diag- 
nosis that gives more trustworthy information or is liable to a smaller margin 
of error than the Wassermann test when it is performed with completeness 
and with proper skill and care.’ 

“ This is probably as true today as it was when vTitten a quarter of a 
century ago, but it is equally true that no group of tests has given rise 
through unskillful performance and through inadequate appreciation of 
their limitations, to more unhappiness than have the serum tests for 
syphilis.” 
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ADDENDUM 

Since the foregoing material was prepared, the continuing interest in the subject 
of biologic false positive serologic reactions to the tests for syphilis is indicated by 
the appearance of new studies. 

Elmes and Findlay (J. Roy. Army Medical Corps, 84, 29, 1945) studied the Kahn 
test in 80 British soldiers serving in a hj^jerendemic malaria zone and suffering 
from malignant tertian malaria, and found that 23 of them gave at some period a 
positive reaction. Only 1 of the patients gave evidence of syphilis. The authors 
call attention to the 1940 version of the Kahn verification test as a possible means 
of differentiating sj^jhilis from malaria. 

The influence of malaria on the cerebrospinal fluid Wassermann reaction as_ well 
as the incidence of biologic false positiv'e reactions in the blood Kahn and Wasser- 
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maim tests was made the subject of a study by Potter, Bronstein and Gruber (J. 
Am. Med. Assn., 127, 699, 1945). They found in 100 consecutive male patients 
with naturally acquired malaria that none yielded positive reactions to the cerebro- 
spinal fluid Wassermann test but 12% of the men had positive blood reactions and 
10% had doubtful reactions. This indicated to the authors that the factors which 
produce the false results in the blood are not present in the cerebrospinal fluid. 
This study also emphasizes that a diagnosis of syphilis should not be made on the 
basis of a single test at any time. After an acute attack of malaria, at least 1 month 
should elapse before taking blood for further testing. In a rejoinder to this report, 
Brandt (J. Am. Med. Assn., 128, 152, 1945) calls attention to unpublished observa- 
tions on patients inoculated with a strain of Plasmodium vivax acclimatized to 
transmission from man to man. Every case became seropositive after the sixth 
fever bout, but every case became seronegative again within 8 weeks after termina- 
tion of malaria; the most sensitive test (Wassermann with B.. Mueller’s antigen) 
became positive sooner and stayed so longer than less sensitive ones. (Meinicke’s 
earlier methods and the Sachs-Georgi reaction.) Because the Henry test (Arch. 
Inst. Prophylac., 1, 341, 1929) in inoculation malaria (Brandt, R., and Horn, L.; 
Klin. Wchnschr., 14, 1538, 1935) yields a curve of reactions from negative to posi- 
tive, to negative, which closely resembles the curve of the non-specific reactions 
for syphilis, and as Henry describes the behavior of his test in malaria disease just 
the way Brandt and Horn found it in inoculation malaria, Brandt suggested that 
one may expect the same parallelism in the non-specific reactions, meaning that a 
certain time after cessation of fever attacks, malaria does not produce such reac- 
tions. A negative Henry test, therefore, by indicating that the period of manifest 
malaria infection has passed, would enhance the dependability of a positive sero- 
logic reaction to the tests for syphilis, where malaria has to be taken into account. 
From extensive studies of patients (former Austrian soldiers) with a history of 
malaria, there was no evidence to indicate that beyond the stage of attacks malaria 
has any influence on the outcome of the serologic syphilis reaction. 

Rein and Elsberg (Am. J. Syph., Gon. and Yen. Dis., 29, 303, 1945) presented 
a detailed report on the effect of smallpox vaccination on the serologic reactions. 
They used a serologic battery ; Kline diagnostic, Kline exclusion, flocculation tests, 
and the Kolmer complement fixation test. An attempt was made to do weekly 
tests on their patients (in some cases 8 to 12 days elapsed between the repeated 
examinations). The subjects received in addition to the smallpox vaccination, 
injections of tetanus toxoid and typhoid vaccine on the same day; a second dose of 
typhoid vaccine the following week; a third typhoid vaccination the 3rd week; a 
second dose of tetanus toxoid the 4th week; and a third dose of tetanus toxoid the 
7th week. Of 129 individuals who developed a vaccinoid or vaccinia reaction, 58 
(44.9%) showed doubtful or positive serologic reactions to the tests for syphilis. 
Of this group, 50 (86.2%) developed their first positive serologic reaction between 
the 8th and 14th day foUowing the vaccination. Of 80 individuals who developed 
vaccinia reactions, 41 (51.2%) showed false positive serologic reactions, whereas 
49 individuals developed vaccinoid reactions, of whom more than 17 (34.7%) 
showed false positive reactions. This indicates the possibility that false positive 
reactions occur more frequently in patients in the vaccinia group than in the 
vaccinoid group. There was, however, no correlation between the incidence and 
titer of the false positive reactions and the severity of the skin reaction to the 
vaccine virus. In the immune reactor group, 36 patients (13%) developed doubtful 
serologic reactions to one or more tests. Revaccination of a small group (after 
3 3 'ears) yielded no false positive serologic reactions. A group of 20 patients 
which was given only typhoid immunization, and another group of 16 patients 
receiving only tetanus toxoid injections, yielded no false positive reactions. This 
tjqie of material merits continued investigation because of the serious medical and 
psychologic import of positive serologic reactions in militarj' personnel. 

Hegglin (J. Am. Med. Assn., 129, 150, 1945), reemphasizes the problem of 
pneumonia with a positive Wassermann reaction. 

In addition to the study of the incidence of false positive reactions to the tests 
for S 3 T)hilis, modification of technique, new tests or evaluation of tests, designed 
to diagnose false reactions have continued to hold the attention of investigators. 
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Brown, Kolmer and Lynch (Am. J. Syph., Gon. and Ven. Dis., 29, 200, 1945) 
have studied the effect of sodium hydroxide on biologic false positive and anti- 
complementary serologic reactions in syphilis. They found the addition of 0.1 cc. 
of N/3 or N/4 solutions of sodium hydroxide to 1 cc. of serum before heating at 
55 ° C. has proved effective in preventing biologic false positive Kolmer, Kahn and 
Mazzini reactions in serum of normal rabbits, in presumably non-syphilitic indi- 
viduals with malaria, infectious mononucleosis, and virus pneumonia. Less effec- 
tive results were observed with the serums of presumably non-syphilitic epers. 
In contrast with the other diseases, N/4 sodium hydroxide yielded more effective 
results in leprosy than did N/3 sodium hydroxide. Addition of the alkali to 
syphilitic serums before heating results in the inactivation or destruction of some 
of the syphilitic reagin but false negative reactions are apt to occur in the Kolmer 
test only in the case of serums containing small amounts of reagin. The addition 
of N/3 or N/4 sodium hydroxide to rabbit and human serums has proved effective 
in the prevention of the anticomplementary reactions in the Kolmer complement 
fixation test. 

Cooper (J. Invest. Dermat., 6, 109, 1945; Proc. Soc. Exp. Biol, and Med., 67, 
248, 1944) made an electrophoretic study of syphilitic serums and attempted to 
identify the serum fraction carrying syphilitic reagin. He showed that there are 
characteristics and significant alterations in the serum proteins after infection in 
syphilis. There is an increase in all of the electrophoretic globulin fractions 
which occurs soon after infection and persists throughout the course of the disease 
in the absence of adequate treatment. In some cases of apparently false positive 
serums, the changes found in syphilis do not occur. The reagin for the Kahn and 
Wassermann reactions has been shown to occur in the y globulin fraction. In the 
1944 study, Cooper stated that the or y globulin fractions, or both, had been 
identified as carriers of the Wassermann and Kahn reagins. 

Rein and Elsberg (J. Invest. Dermat., 6, T13, 1945) ask whether the current 
veriication tests are of practical value in the serodiagnosis of syphilis. After 
an exhaustive and careful analysis of the confirmation or verification tests and 
the addition of an unpublished, original method (Rein-Pillemer), they conclude 
that none of the methods presented has been able to distinguish consistently 
between true and false positive serologic reactions. There is an urgent need for a 
procedure which will perform this differential function and the authors suggest 
that any new procedure should be subjected to critical evaluation by a selected 
committee of serologists and clinicians before it is proposed to and by the medical 
profession at large. 
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Of the cancer deaths in the United States 3 % are malignant tumors of 
the mouth. 

Studies of the statistics of men who have had a wide experience in oral 
cancer and who have not been biased in their opinion as to the use of either 
radiation or surgery show a high incidence in 5 year “cures” in mouth 
cancer — the percentage of cures ranking only below skin and breast cancer, 
in the hands of these indi\4duals. However, patients with mouth cancers 
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are unfortunately taken care of for sometime by physicians Avho are 
i-elatively inexperienced in the complexities of oral cancer and are too 
conservative in radiation therapy or surgery. 

The most common precancerous lesion of the mouth is leukoplakia. 
In an individual with leukoplakia, all of the oral mucosa undergoes a 
change, but the localized area of leukoplakia is the most marked. The 
transition to malignancy is marked by chronic fissure, ulceration, a reddish 
elevated papule, or hardness of the tissues surrounding the leukoplakia. 
Papillomas of the mouth may turn malignant as may spots of oral mucosa 
that are constantly subject to trauma in individuals with ill-fitting den- 
tures or rough tooth surfaces. 

Epitheliomas of the cheek are usually of the squamous-cell type, and 
grossly appear red and fleshy; the patient can sometimes give a history of 
carrying a tobacco quid or betal nut quid at the site of the malignancy. 
Extensive lesions of the buccal mucosa are common in mouth cancer. 
These areas spread to either alveolus, hard palate or involve the angle of 
the mouth; occasionally the cheek is perforated. When seen by a compe- 
tent therapist these malignant areas average 4 cm. in width. 

At this stage carcinomas are, often ulcerative, burrowing and exposing 
bone while the papillary types are cauliflower-like. 

“ In general, it may be said that the growths of the cheek are fairly 
sensitive to radium, except when they are very superficial and of the 
leukoplakic type. The softer and more fleshy tlie growth, the more suc- 
cessful is radium likely to be.”'® 

When the growth is of the hard indurative type, diathermy excision of 
the lesion seems to be the treatment of choice.' 

However, it is good practice to embed radium at the periphery of the 
excised area at the time of operation. The Ontario, Canada, Cancer Cen- 
ters treated 103 cases of buccal mucosa from 1934 to 1939, almost exclu- 
sively w’ith Roentgen ray and radium, with a survival rate of 50 %.'^ 

If one wishes to attempt the control of a fungating malignant mass 
with radium alone, the bulk of the lesion may be easily reduced with a 
diatherm}' knife and thus permit the radium to be distributed more 
judiciously and economically. In lesions which are radiosensitive more 
reliance should be placed in radium than surgery. 

“ Epitheliomas of the cheek have a marked tendency to involve the 
cervical lymph nodes; and even though none of the regional nodes are 
palpably enlarged, this does not rule out the possibility of their being 
involved. Consequently, unless the local lesion is very small and very 
low grade, we believe a block dissection of the cervical lymph nodes is 
indicated whether or not the lymph nodes are involved clinically.”® Where 
the primary has reached the alveolar process it is advisable to destroy the 
underlying bone by cauterization at the time of the combined e.xcision 
and neck dissection.' Jorstad prefers not to do a routine neck dissection 
and awaits palpable nodes. On those cases which have freely movable 
nodes, and on which he did perform a submaxillary neck dissection, 66% 
were found to possess cancerous nodes— an important fact for those to be 
conscious of who are inclined to wait and hope that these freely movable 
nodes will turn out to be merely inflammatory glands. In 116 cases 
involving a buccal mucosa, alveolar process, palate and velum that were 
treated by excision alone, either with the knife or cautery, a 5 year survival 
rate of 34 % was obtained. In those receiving a unilateral neck di.ssection 
in addition to care of the primary, the survival rate was raised to 53 %.* 

If radium treatment is decided upon, the physician should be conscious 
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of some general principles. "Radium implantation is greatly facilitated 
by a good general anesthetic, a.s a poor anesthetic renders accurate im- 
plantation difficult. Intratracheal anesthesia is the most suitable type 
with the tube passed through the nose leaving the mouth available to the 
therapist.’* Postoperatively, the usual routine for prevention of broncho- 
pneumonia should be instituted. The needles after implantation should 
have the eye end stitched -into the adjacent tissue, thus preventing their 
loosening and dislodgment. The radium silks leading from the mouth 
may be kept fairly clean by passing them through a flexible rubber tube. 
If different strength needles are used, or if some are to be taken out sooner 
than others, silk threads of various colors should be used. An assortment 
of mouth gags for working in various areas of the mouth are necessary, 
but most important is a good light. 

“ The simplest type of radium needle implantation used in the mouth 
is the ‘ single plane implantation.’ In this the area to be treated — about 
1 cm. clear of the known lesion in every direction — is outlined with radium 
needles of normal linear intensity in some rectangular form. The center 
is then put in parallel lines of needles of one-half the normal linear inten- 
sity about 1 cm. apart, in accordance with Paterson-Parker dosage system. 
The dose to be given is calculated at O.o cm. from the plane. Thus a 
block of tissue the size of the plane and 1 cm. thick is irradiated to a select 
dosage.’’’* 

“Unless the plane has a very large area, it is wise to give a higher 
dosage when a single plane implantation is used, than would be the case 
where a bigger volume is being treated by a multiplane or volume tech- 
nique.’’ The effective range of this type of implantation is small, and it 
is not always possible to be sure of the extent of the lesion. As a rough 
working rule, it is both safe and wise to give doses of the order of 7000 r. 
in 7 to 10 days from medium-sized planes, and 7500 r. from small planes. 
A medium-sized implantation should only be given doses in the region of 
6000 to 6500 r. in a similar period. Single plane implantation of larger 
areas, for example, the whole cheek, only tolerate smaller doses in the 
neighborhood of 6000 to 6500 r.”’* 

If the single plane technique is to be used in the cheek it will be found 
much easier to insert the needles through the cheek rather than to attempt 
the corners of the mouth, because of their rotundity. The curvature of 
the cheek also makes vertical insertion more feasilfle than horizontal 
insertion. The 3 mg. needles of 4.5 cm. active length may be inserted 
upwards with a finger in the mouth steadying the cheek. Occasionally 
parotitis from perforation of the parotid duct is a sequela.’* 

A sandwich mold can also be used for cheek lesions near the mouth 
angles. Both parts of the mold are made of dental compound with the 
needles embedded in it. The radium mucosa distance of the intra-oral 
plane is 0.5 cm., while the radium skin distance is 1 cm. A winged nut 
holds the plates together, and a projection of the mold serves as a bite 
block to hold the mold in position. Where the malignancy of the cheek 
is near the bone of either jaw, a sequestrum may later form due to the 
death of the superficial plate of the jaw.’* 

“The prognosis of radium treated carcinomata of the cheek is good, so 
long a.s radiation is sufficient. A small burn is not of serious import, and 
can be treated later by diathermy. Under radiation, on the other hand, 
is certain to he followed by recurrence, and the recurrence may be resi.stant 
to radium treatment.’’’* Martin has reported 40% of his cheek cases 
controlled after Vi years treated exclu.sively l)y radium.'* 
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After several weeks following radiation there should be present a super- 
ficial ulcer of a wash-leather appearance covering the area larger than the 
original growth. 

Again, in the malignancy of the tongue and floor of the mouth, the 
squamous cell epitheliomas far outnumber the occasional lymphosarcoma, 
adenocarcinomas and endotheliomas. These epidermoid carcinomas are 
usdally found at the lateral border of the tongue, but sometimes are seen 
on the undersurface and spreading out involving the mouth floor. The 
cancers on the dorsum are often at the site of an old luetic scar. The 
tongue lesions usually are seen as ulcers with ragged edges “woody” to 
the touch, and hard at the base. The rubbery-like feel of fibrous scar 
tissue is absent here. Necrosis is present in the larger lesions, and this 
necrotic area is soft.^ Tuberculosis, syphilis, fibromas, cysts, actinomy- 
cosis, blastomycosis and the angiomas must be borne in mind when a 
papillary form of tongue cancer is considered. 

The trend in therapy in dealing with the floor of the mouth and tongue 
carcinomas is definitely veering toward radiation rather than surgery. 
However, Erich believes that “ the larger malignant tumors of the tongue, 
those situated posteriorly, and those located on the ventral surface are 
best destroyed with surgical diathermy.”® 

The commonest site, that is, on the side of the tongue, fortunately 
is the easiest to treat. Somervell prefers a 4 cm. needle of 3 cm. active 
length with 2 mg. strength inserted into the anterior part of the tongue 
and tied over the dorsum of the tongue to 2.5 cm. needle of 1 mg. strength 
inserted in the back of the tongue and pushed forward. In this technique 
if the dosage is 1 mg. per 1 cc. of tissue, the needles are left in place for 
10 days, but doubling the strength and halving the time is preferable. 

Carcinoma of the back of the tongue is often a large soft mass extending 
to the epiglottis. This growth is usually very radiosensitive, but the 
insertion of the needles must be done cautiously in order that the patient 
does not aspirate a piece of the friable tissue to start a lung metastasis. 
The needle should be long and with a high dosage to shorten the time in 
the tissue. Insertion can be accomplished from below the jaw, between 
the facial artery and the angle of the mandible. 

When the tip of the tongue is involved, because of its extreme mobility, 
excision is best with transverse insertion of short needles for radiation of 
the base. Speech will be little affected by this procedure.'® 

If radium seeds are to be used, 1.5 me. seeds can be implanted 1 cm. 
apart. With this technique Jorstad and Verda report 90% of private 
patients, 30 in number, had no evidence of local recurrence or incomplete 
regression after 5 years, and in 55 indigent patients, 64% met the same 
criteria.® 

Carcinoma of the tonsil and about the epiglottis is the most difficult 
to treat because of the early metastasis. The tonsil can be treated by 
insertion of long radium needles below the mucosa in front of the ramus 
of the mandible— introducing them through the skin and conjointly using 
Roentgen ray therapy with 400 kv. or greater. 

In cases where the first treatment of radiation has not controlled the 
lesion, or the greater part of the tongue is involved, surgery should be 
considered. 

When the floor of the mouth is involved, radium needles can be intro- 
duced from just within the mandible from the outside, and pointed verti- 
cally upward— also needles should be inserted parallel to the axis of the 
tongue from within the mouth. It is probable here that some sequestra- 
tion of the mandible will result.'® 
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If molds are to be used in the floor of the mouth lesions, they should be of 
the sandwich type with a radium mucosal distance of 0.5 cm. delivering 
8000 r. and a skin radium distance of 2 cm. delivering 6000 r. The molds 
are worn only 8 hours daily for a period of 7 to 8 days. 

At the Memorial Hospital of New A^'ork, carcinoma of the floor of the 
mouth is treated preferably by Roentgen ray, using a portal from 3 to 
4 cm. in the majority of cases. The cylinder inserted into the mouth 
holds the tongue upward and backward, this because almost all floor 
lesions seem to center about the submaxillary duct orifice. Other factors 
are a target distance of 35 cm. and 200 kv. with 15 to 30 ma., and a filter 
of 0.5 mm. of copper plus 1 mm. of aluminum. Daily treatment or treat- 
ments at least 3 times weekly are given to a total dose of from 5000 to 
7500 r. delivered within 20 days. The treatment commonly is supple- 
mented by interstitial radon averaging only up to millicuries and not 
exceeding 6 me.’® 

Roentgen therapy has been adopted in this institution because it is 
believed that interstitial radon seed and radium needle treatment results 
in too high an incidence of local radionecrosis and osteomyelitis. On the 
other hand, most roentgenologists will admit that Roentgen rays are 
ineffective in controlling mouth cancer in their hands. 

When the lesion extends to the alveolus surgery is probably necessary. 

When the cancer starts on the alveolar ridge and is superficial, H. E. 
Davis, J. H. Gilmore and M. Baker of Chicago, in a large series, have 
been able to completely control the lesion with interstial radon seeds or 
radium needle molds without clinical evidence of bone radionecrosis.® 
Where this complication has occurred, it can be easily cared for surgically, 
or by the use of zinc peroxide.’’ 

In mandibular cancer, surgery gives the best prognosis. Either resec- 
tion or wide destruction of the mandible should be performed. If the 
malignancy has spread to the antrum the sinus must be widely opened 
so that a radium mold may be used, or the involved region should be 
destroyed by cautery. 

Cancer of the soft palate usually responds well to radiation therapy. 
The radon seeds may be implanted or contact Roentgen ray employed. 
In some cases a sandwich mold Avill be tolerated here and usually a radium 
plaque can be placed on the superior surface of the soft palate after topical 
anesthesia. 

Hard palate lesions give a good prognosis with surgery.’ 

It is to be noted that the treatments thus far discussed have chiefly 
been surgical or radiation from radium or radon. An exception was the 
therapy of floor of the mouth lesions as handled in the New York Memorial 
Hospital. M. Cutler for several years has been particularly interested in 
carcinomas which are considered radioresistant. The more resistant area 
in the center of the lesion receives a greater dosage; from 3 to 5 r. are 
delivered per minute, and usually 3 fields are used in oral cancer. As 
much as 1400 r. have been administered in 2 sessions through a port 
3 by 3 cm. When radium is used with this concentrated technique 10 gm. 
are used at a distance of 12.5 cm. with ports varying from 10 to 2 cm. in 
diameter. In a floor of the mouth squamous cell carcinoma the field 
used was G by 6 cm. and the 10 gm. of radium at a distance of 12.5 cm. 
was filtered through 1 mm. of platinum. A total of 120,000 mg. hr. was 
delivered in 12 days in .5000 mg.-hr. doses received twice daily. After 
21 years the patient still had no recurrence.® '* It is still too early to 
evaluate this method of treatment. 
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With radiation therapy radionecrosis is not uncommon. This is gen- 
erally painful, the involved area is very tender, healing is slow and sepsis 
and suppuration usually present. This discouraging picture can be 
changed by the use of surgery. 

The primary lesion in mouth cancer has a good prognosis when cared 
for by a competent radiotherapist or surgeon trained in oral cancer surgery. 
However, whether or not the patient survives will in a large measure be 
determined by how the cervical lymph glands are treated. Distant 
metastasis is rare in mouth malignancies; the regional glands preventing 
the spread below the clavicles. A huge cauliflower-like lesion of long 
duration may have no metastasis, while a small ulcer of the mouth, hard 
to see, may have caused considerable neck metastasis in a short period. 
Brown and McDowell, after studying the literature, state that in the past 
15 years no 5-year cure of proven malignancy of cervical nodes has been 
reported with external radiation technique — the only radiation cures 
being interstitial radiation following access surgery.- The burden of the 
care of the cervical metastasis is therefore the surgeon’s lot. 

“ Block dissections of the neck were never a popular operation with the 
general surgeon. It is in a field in which he is not called on to work fre- 
quently. The procedure is a prolonged one, requiring patience, meticu- 
lousness, and enthusiasm about the ultimate result. An intimate knowl- 
edge of the anatomy of the neck is required. For these reasons block 
dissections of the neck have been in many instances a name only, rather 
than a true description of the method carried out.”i® 'p^e problem is, of 
course, as to when the block neck dissection should be performed. Ken- 
nedy quotes Phillips as finding 51.6% of the cases in which a block neck 
dissection was carried out to have malignant glands in buccal carcinoma, 
even though none of the cases had clinical nodes. Simmons found 34% 
of his cases of oral cancer had involved nodes in the series without palpable 
nodes. 

Erich deals with the metastasis even before caring for the primary. 
Others, such as Butlin, have also handled patients in the same manner. 
There are two reasons for operating on the neck before caring for the 
cancer in the mouth : 1 . A malignancy in the neck may suddenly change 
in a few weeks from an operable case to that of a so-called inoperable 
metastasis. 

2. The patient will often not return following a seemingly controlled 
condition of the primary, and a large number of these will sometimes return 
later with an inoperable metastasis. 

However, the majority of those experienced in oral cancer prefer to 
treat the mouth lesion first if radiation is to be the form of treatment, and 
then watch the site of the primary for several weeks in order to evaluate 
the control of the lesion. If they feel that the tumor is not responding 
to irradiation they then believe surgery of the neck and of the primary 
can be combined in one operative procedure. Somervell, who has had 
personal experience with over 1000 cases of mouth cancers, believes that 
operation does not have the unpleasant after-effects of radiation, and pre- 
fers it except for tongue, cheek and tonsillar lesions. If operations are 
found to be insufficient in his clinic, they are reenforced by the use of 
radium. He believes deep Roentgen ray therapy is very disappointing in 
mouth cases; however, he is probably too pessimistic, for in some institu- 
tions deep Roentgen ray therapy is believed to be useful. One must 
always remember that one cancer cell left behind will kill the patient; a 
small radium burn or extramutilation may inconvenience the patient, but 
may save In's life. 
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The study of the statistics of those handling a large number of cases 
leads one to believe the safest procedure in cheek, tongue and floor of the 
mouth lesions is to do block neck dissection as early as possible, waiting 
only to see if the primary is controlled. This procedure should be adopted 
regardless if nodes are palpable or not. In the case of cheek lesions with- 
out palpable nodes, a suprahyoid neck dissection will probably be adequate. 
In floor or mouth and tongue lesions a complete block neck dissection 
from the clavicle upwards to the mandible must be undertaken to give 
the patient even any reasonable security. This should always be done if 
palpable nodes are present or not. These neck dissections can be done 
under intratracheal anesthesia or possibly with nerve block infiltration 
anesthesia. B. Freeman has collected over 500 cases of block neck dis- 
section with the use of nerve block anesthesia, without a single fatality,’ 

“Finally I feel that we should also remember that our duty is to relieve 
suffering, and often we ought to put that before the actual saving of life. 
If euthanasia is to be the probable effect of an operation it may be the 
right thing to do it, and it is, in my opinion, almost better than insufficiency 
or neglect. 

“ Perhaps that consideration may make our operation more radical and 
effectual. There is no e.xcuse for a surgeon who does a shoddy or insuffi- 
cient operation for malignant disease, least of all in a hospital “where radium 
is available to reinforce operative deficiencies. ‘He’s had about enough; 
we had better leave that little bit,’ said with the kindest motives, in order 
to save an extra 2 % risk of mortality, may make the death sentence of 
the patient.”*® 
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Ageing and Degenerative Diseases. Edited by Robert A. Moore, 
School of Medicine, Washington University. Volume XI of Biological 
Symposia, A Series of Volumes Devoted to Current Symposia in the Field 
of Biology. Edited by Jaques Cattell. Pp. 242; 6 ills. Lancaster: 
Jaques Cattell Press, 1945. Price, S3.00. 

This 11th volume, like its predecessors, presents a valuable symposium on 
an important and timely problem by men experienced in their subject. Of 
the 12 items, most are from the chemical or experimental laboratory, a few 
present philosophic or clinical considerations. The list follows: The Rela- 
tion Between Etiology and Morphology in Degenerative and Sclerosing Arterial 
Disease, by W. C. Hueper; Arteriosclerosis and Lipid Metabolism, by Ir\dne 
H. Page; Research Work on Degenerative Disease, by William B. Kountz; 
The Glucose Tolerance in the Elderly Patient, by Lilli Hofstatter, Arthur 
Sonnenberg, and W. B. Kountz; Progeria, Report of a Case, by_ Alfred S. 
Schwartz and Jean V. Cooke; Effects of Lesions of the Autonomic Ganglia 
Associated With Age and Disease, on the Vascular System, by Prof. Albert 
Kuntz; The Role of the Pancreas in Arteriosclerosis, by Prof. Lester R. Drag- 
stedt; Difficulties in Clinical Recognition of Degenerative Diseases, by Edward 
J. Stieglitz; Correlation of Clinical Knowledge in the Treatment of the Degen- 
erative Diseases, by Prof. William J. Kerr; Age, Change, and the Adopted 
Life, by Prof. William de B. MacNider; Nutrition and Growth and Their 
Influence on Longevity in Rats, by John A. Saxton; Some Hormone Action in 
Relation to the Ageing Process, by Prof. Leo Loeb; Round Table Discussion, 
As might have been expected, first there is considerable fluctuation in merit in 
these presentations; and, second, none of the problems of ageing and degen- 
erative diseases have been solved. Nevertheless, those interested in geriatrics 
— and what physician should not be — will find here much profitable reading. 

E. K. 


The Psychology' of Women. A Psychoanalytic Interpretation. By Helene 
Deutsch, M.D., Associate Psychiatrist, Massachusetts General Hospital; 
Lecturer, Boston Psychoanalytic Institute. Foreword by Stanley Cobb, 
M.D., Bullard Professor of Neuropathology, Harvard University. Vol. 1. 
Pp. 399. Nerv York; Grune & Stratton, 1944. Price, S4.50; Vol. 2, 
Motherhood. Pp. 498. Ib., 1945. Price, 84.50. 

The first volume presents a systematic picture of female instinctual dei'^el- 
opment and its relation to the reproductRe function. Emphasis is placed 
upon the individual emotional experiences and the conflicts connected with 
them. The aim of the volume is to explain the normal psychic life of women 
and their normal conflicts. The material forming the basis for the book 
includes not only the personal obserr^ations of the author but records of many 
other observers, hospital files and records of social agencies. The material is 
treated from 3 aspects: an exposition of the psychologic life of woman, an 
analysis of this life, and the non-feminine aspect of femininity. It leaves out 
of consideration the problem of motherhood. The curriculum of the medical 
student includes no time allotted to the study of the emotional conflicts of 
women, and yet the practitioner meets such problems almost daily. This 
volume by Deutsch includes many interesting observations upon the nature of 
the thinking of women, which should hold the attention of physicians who are 
brought into contact rvith the psychologic problems of their female patients. 

■ The second volume, on Motherhood, deals primarily with the normal con- 
flicts which occur in connection rvith sterility, abortion, pregnancy, delir-ery 
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and lactation. It also includes a consideration of the mother-child relation- 
ship, unmarried mothers, adoptive mothers and stepmothers. This book 
contains many instructive case records which deal with the everyday problems 
of the practising phj'sician, and consequent!}' should Ire very helpful to both 
the obstetrician and the general practitioner. The author treats at some 
length the question of psychogenic sterility. If the psychic state of the 
patient forbids the consummation of the sex act, the resulting sterility might 
well be considered of psychic origin. However, since recent studies are show- 
ing the e.xistence of a high incidence of non-ovulation occurring in women who 
otherwise have been found to be normal, as are their husbands, the Reviewer 
must remain skeptical regarding the role played by the mind as the cause of 
sterility where intercourse is practised. D. M. 


Office Endocrinologt. By Robert B. Greenblatt, B.A., M.D., C.M., 
Professor of Experimental Medicine, University of Georgia School of Medi- 
cine; Director, Sex Endocrine Clinic, University Hospital, Augusta, Ga. 
Foreword by G. Lombard Kelly, M.D., Dean, University of Georgia 
School of Medicine. Second Ed. Pp. 243; many figs. Springfield, 111.; 
Charles C Thomas, 1944. Price, $4.00. 

This small volume is based upon a series of lectures delivered to a post- 
graduate class in office endocrinolog}'. Two-thirds of the volume deal with 
the female, one-third with the male. The volume does not pretend to be 
comprehensive. Its brevity and its emphasis upon therapy should recom- 
ment it to the busy practitioner. Small volumes frequently brought up to date 
have a ver}’ definite place in the library of all practising physicians. D. M. 


The Medical Clinics of North America. Symposium on New Develop- 
ments in Medicine. Pp. 561 ; 96 figs. Philadelphia: W. B. Saunders, 1945. 
S16 per year. 

An excellent and timely review of modern therapeutic agents and methods, 
this issue comprises clinics from 5 major medical centers in the United States. 
Of especial interest in the article on cirrhosis of the liver, in which is presented 
an enlightening and hopeful approach to a very difficult therapeutic problem. 
Correlated with this article is a clinic in which liver biopsy is elucidated as a 
safe and very helpful diagnostic procedure. Another clinic not to be missed 
is that on the diagnosis and treatment of various pleural effusions. 

J. W. 


The ISIanagement of Obstetric Difficulties. By Paul Titus, M.D., 
Obstetrician and Gynecologist to the St. Margaret Memorial Hospital, 
Pittsburgh; Secretary of the American Board of Obstetrics and Gynecology'; 
Comdr. J^IC) USNR, attached to Professional Division, Bur. Med. and 
Surg., Na\y Dept., Washington, D. C. Pp. 1000; 426 ills, and 8 color 
plates. Third Ed. St. Louis: C. V. Mosby, 1945. Price, .SIO.OO. 

Titus' excellent volume, in this 3rd edition, includes revisions in many 
subjects; Roentgen ray pelvimetry, toxemia, caudal anesthesia, the technique 
of extraperitoneal Cesarean section, and considers at some length the use of 
penicillin. To those who are familiar with the earlier editions the present one 
needs no recommendation. D. M. 


Thoughts, Deeds and Hum.an Happiness. By K. W. Monsarr.xt. Pp. 123. 

London: Hodder & Stoughton, 1944. Price, .$1..50. 

This book which is a .sequel to one that was chiefly an analysis of human 
self-expression, is for the most part concerned with the question; Upon what 
should we rely in planning for what we desire, and is there a principle of 
beha\'ior worthy of our confidence? The chapters are, Self-Expression; The 
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Human Self’s Performance; The Energy-Matter Puzzle; The Mind-Body 
Puzzle; Interpretive Events; The Relative Principle; The Earth and Its 
Inhabitants; The Living and Non-Living Puzzle; Evolution in the Animal 
Kingdom to Man; Judgments of Value; Design for Living. 

The text is presented in a way that does not lend itself to review readily. 
The words “Sense” and “Intelligence” are prominent throughout the entire 
work. By the former is meant the ability which gives one views or pictures; 
the latter implies the interpretation of those views in terms of actions that 
have produced what the views show. Confidence in these as complements 
to our desires will afford verdicts that are reliable as to judgments on ter- 
restrial affairs. Coordination, not compulsion, is urged. We should be gener- 
ous to each other, even giving to the other the wherewithal for the life that he 
prefers. It should not be “live and let live,” but “live and give.” 

At the time when man’s greatest efforts are directed toward the killing of 
man and the destruction of property, this noble sentiment of universal gener- 
ousness comes like a gleam of light piercing the world’s encircling darkness. 


Handbook of Practical Bacteriology, a Guide to Bacteriological 
Laboratory Work. By T. J. Mackie and J. E. McCartney. Seventh 
Ed. Pp. 720. Baltimore: Williams & Wilkins, 1945. Price, S5.00. 

The book is rather small, the pages being only 4f by 7j inches. The subject 
matter deals entirely with the practical aspects of bacteriology. In addition 
to bacteria it includes material on spirochetes, fungi, rickettsise, filterable 
viruses and animal parasites. While the book undoubtedly is of value to 
workers in the British Kingdom, workers in the United States will find little 
use for it as the procedures are different from those ordinarily used and regarded 
as “standard technic” in this country. H. M. 


Refraction of the Eye. By Alfred Cowan, M.D., Professor of Ophthal- 
mology, Graduate School of Medicine, University of Pennsylvania; Attend- 
ing Ophthalmologist, Philadelphia General Hospital; Consulting Ophthal- 
mologist, Council for the Blind and Supervising Ophthalmologist of the 
Department of Public Assistance, Commonwealth of Pennsylvania. Pp. 278; 
172 engravings and 3 colored plates. Second Ed. Philadelphia; Lea & 
Pebiger, 1945. Price, 84.75. 

This 2nd edition is very similar to the first. The subject matter, as in the 
1st edition, is divided into 19 chapters dealing chiefly with the theory of 
optics and clinical refraction. A few sections such as the one on Aniseikonia, 
the use of cycloplegia and the bibliography have been enhanced. Many 
paragraphs have been rewritten, but with very little change in text. The 
2nd edition has the same size, but fewer pages than the first. There are more 
lines on each page so that the book is thinner. F. A. 


A Handbook of Psychiatry. By Louis J. IL\.rnosh, B.S., Sc.D., M.D., 
Associate Clinical Professor of Nervous Diseases, School of Medicine, 
Western Reserve University; Director of Neuropsychiatry, City Hospital, 
Cleveland; Consulting Neuropsychiatrist, Cleveland Clinic; and Edivard 
M. ZucKER, A.B., M.D., Clinical Instructor in Nervous Diseases, Western 
Reserve School of Medicine; Associate in Neuropsychiatry at Cleveland 
City Hospital. Pp. 302; 40 figs. St. Louis; C. Y. Mosby, 1945. Price, 
S4.50. 

Written for the general practitioner and medical student, the more promi- 
nent positions in the book are given to the manic-depressive psychoses, involu- 
tional psychoses, schizophrenia, paranoid states, and the psychoneuroses. 
The organic reaction types include psychoses with syphilis of the central 
nervous system, the traumatic psychoses, psychoses with brain tumor and 
other brain diseases, psychoses with cerebral arteriosclerosis, and senile 
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psychoses. Included in the discussion on psychosomatic medicine are the 
effects of repressed feelings on bodily functions, factors in cardiac disorders, 
gastro-intestinal disturbances and respiratory disturbances, and organic sus- 
ceptibility. Since most subjects with psychopathic personalities do not become 
interned in mental hospitals or jails, many showing this troublesome dis- 
order are at large; and since the general practitioner must deal with them 
often, a more comprehensive consideration of these disturbers would prove 
helpful. The final chapters discuss psychiatry and the law and mental hygiene. 
The text finds fulfillment of the purposes stated in the Preface. A glossary 
is included. N. Y. 


A Bibliography of Visual Literature. By John F. Fulton. Pp. 117. 

Springfield, 111. : Charles C Thomas, 1945. Price, S3.00. 

This book is patterned on the 2 volumes, “Bibliography of Aviation Medi- 
cine” which appeared in 1942 and 1944. It is extremely useful as a guide to 
recent literature, particularly as many of the articles abstracted are from 
other than ophthalmologic journals. Attention has naturally been concen- 
trated on the biologic aspects of ophthalmology and the book does not intend 
to be complete in all phases of general ophthalmology or ocular patholopu 
The indexing is so complete that much time will be saved by anyone looking 
up the literature on a particular subject. F. A. 


Doctors at War. Edited by Morris Fishbein, M.D. Pp. 418; fully 
illustrated. New York: E. P. Dutton, 1945. Price, .$5.00. 

This important statement of various aspects of the American hledical 
effort in the present war is made by 16 well qualified authorities. In a form 
of presentation that should interest both layman and medico, it gives a stirring 
picture of what American military and civil medicine are accomplishing today. 
As to selection of draftees, and their training, to men in action and rehabilita- 
tion, to the prevention and treatment of disease in the army, navy, industry 
and the home, the record is one of which we all may be proud— the one thing 
we should all know more about. Though good use is made of the 400 pages 
and one finds a considerable amount of factual and statistical matter included, 
the book could hardl 3 ’^ be more than a bird’s-ej^e view; but it is a good one 
and an authoritative well-balanced presentation of an important phase of the 
war effort, and one of which our profession and the country at large can be 
most proud. E. K. 


NEW BOOKS 

The History of Surgical Anesthesia. Bj' Thomas E. Keys. With an Intro- 
ductoiy Essaj' bj" Chauncey D. Leake and a concluding chapter. The 
Future of Anasthesia bj"^ Noel A. Gillespie. Pp. 191. New York: 
Schuman’s, 1945. Price, $6.00. 

Bacillary Dysentery, Colitis and EiJtcritis. B}’ Joseph Felsen, B.A., M.D., 
Director of Medical Research, Bronx Hospital, Neiv York; Director of 
International and Pan-American Dysentery' Registrj'. Pp. 618 with 145 ills.. 
Phila.: Saunders, 1945. Price, .$6.00. 

The Story of a Country Medical College. A Historj’^ of the Clinical School of 
Medicine and The Vermont Medical College, Woodstock, Vt., 1827-1856. 
By Frederick Clavtox W.\ite. Pp. 213. Montpelier, Vt.: Vermont 
Historical Society, 1945. Price, $4.50. 

The Care of the Neurosurgical Patient— Beiore, During and After Operation. 
By Ernest S.xchs, A.B., M.D., Professor of Clinical Neurological Surgery, 
Washington XJniv. School of hledicine, Saint Louis, IMo. Pp. 208; 177 ills, 
including 2 in color. St. Louis: Mosbj’, 1945. Price, $6.00. 
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A Primer of Eleclrocardiograpiuj. By Geof.ge Bxjf.ch, M.D., F.A.C.P., 
Assoc. Professor of Medicine, Tulane Univ. School of Medicine; Senior 

. Visiting Physician, Charity Hospital, New Orleans; and Travis Winsor, 
M.D., Instructor in Medicine, Tulane Univ. School of Medicine; Assistant 

. Visiting Physician, Charity Hospital, New Orleans, La. Fp. 215; 235 en- 
gravings. Phila.: Lea & Febiger, 1945. Price, S3. 50. 

Government in Public Health. By Harry S. Mustard, B.S., M.D., LL.D., 
DeLamar Professor of Public Health Practice and Director, School of Public 
Health, Faculty of Medicine, Columbia Univ. Pp. 219. New York: 
Commonwealth Fund, 1945. Price, $1.50. 

The Physiology of the Newborn Infant. By Clement A. Smith, M.D., Pro- 
fessor of Pediatrics, Wayne Univ. College of Medicine; Medical Director, 
The Children's Hospital of Michigan. Pp. 312. Springfield, 111. : Thomas, 
1945. Price, $5.50. 

Student’s- Guide in Nursing Arts. By M. Esther McClain, R.N., B.S., 
M.S., Assistant Professor in Nursing Education, and Instructor in Nursing 
Arts of the Providence Division of the School of Nursing Education, The 
Catholic University of America, Washington, D. C.; formerlj'^ Instructor of 
Nursing Arts, St. Vincent’s Hospital, Indianapolis. Pp. 407. St. Louis; 
Mosby, 1945. Price, $3.00. 

The Falling Sickness. A History of Epilepsy From the Greeks to the Begin- 
nings of Modern Neurology. By Owsei Tbmkin, M.D ., Associate Professor 
of the History of Medicine at The Johns Hopkins University. Pp. 380. 
Baltimore: The Johns Hopkins Press, 1945. Price, $4.00. 

The Medical Clinics of North America. Mayo Clinic Number. Symposium 
on Medical Emergencies. Pp. 1067; 160 figs. Phila. and London; Saun- 
ders, 1945. 

NEW EDITIONS 

Clinical Bioc/iemistry. By Abraham Cantarow, M.D., Professor of Physio- 
logical Chemistry, Jefferson Medical College; formerly Associate Professor 
of Medicine, Jefferson Medical College, and Assistant Physician, Jefferson 
Hospital; and Max Trumper, Ph.D., Lt. Comdr., H(S), USNR, Naval 
Medical Research Institute, National Naval Medical Center, Bethesda, 
Md. Third Ed. Pp. 647. Phila.: Saunders, 1945. Price, 86.50. 
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The high incidence of infectious (epidemic) hepatitis and homologous 
serum hepatitis during the present war has stimulated extensive in- 
vestigations of these two diseases. Unfortunately all attempts to 
isolate, identify and cultivate the causative agents have failed as have 
efforts to develop specific serologic or other tests and to find a sus- 
ceptible animal. For these reasons, the relationship between homolo- 
gous serum hepatitis and infectious (epidemic) hepatitis has remained 
obscure. Nevertheless, considerable information has been obtained. 
Certain similarities between the two diseases and their causative 
agents have been noted.-'®'®'“ The causative agents of the two diseases 
both pass through bacteria trapping filters and survive heating at 
56° C. for at least 30 minutes. They also produce similar clinical 
manifestations during the active disease and the pathologic changes 
apparently are the same. Both agents are present in the blood at 
some stages of the respective diseases. On the other hand, certain 
differences have been observed.®-^® Infectious (epidemic) laepatitis 
usually, but not always, is associated with elevation of temperature 
above 100° F., whereas the temperature with homologous serum hepat- 
itis usually does not exceed 100° (oral). In infectious hepatitis, the 
interval from exposiwe to jaundice usually is less than 40 days, whereas 
the interval from inoculation to jaundice in homologous serum hepatitis 
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usually is 60 or more days. Transmission of the causative agent to 
other persons by means other than injection of blood products is 
common from cases of infectious (epidemic) hepatitis but is rare from 
cases of homologous serum hepatitis. The causative agent of infec- 
tious hepatitis commonly is present in the feces of persons with this 
disease and produces the disease when administered by the oral route. 
However, the only reported attempt to transmit homologous serum 
hepatitis by the oral administration of feces from persons with this 
disease indicated that the agent either was not present in the feces or, 
if present, was not effective when administered by the gastro-intestinal 
route.^^ 

The observations cited above, though suggestive of some difference 
in the causative agents of infectious hepatitis and homologous serum 
hepatitis, do not provide satisfactory evidence that the agents are 
different. 

In order to obtain additional information on the relationship of 
these agents, a study of their antigenic properties, as indicated by 
immunity and cross immunity studies in human volunteers, was 
undertaken in 1943. Since that time, several papers dealing directly 
or indirectly with this subject have been published. A brief con- 
sideration of these data is pertinent to the present report. 

Homologous Imvmnity in Infectious (Epidemic) Hepatitis. Cameron^ 
has reported that second attacks (not relapses) of infectious hepatitis 
have been uncommon in Palestine where the disease is endemic. 
Findlay and his associates,* after a survey of 792 oflScers and 1822 
enlisted men, came to the conclusion that one attack of infectious 
hepatitis probably produces considerable, but not absolute, immunity. 
Finally the infrequent occurrence of the disease in persons over 35 years 
of age, as compared with the relatively high incidence in children and 
young adults, suggests the former have acquired immunity from 
previous apparent or inapparent infections. To date, no adequate 
experimental study of homologous immunity following infectious 
hepatitis has been reported. However, the epidemiologic data suggest 
that one attack of infectious hepatitis is followed by some degree of 
homologous immunity. 

Homologous Immunity in Homologous Serum Hepatitis. Apparently 
the only reported data on homologous immunity resulting from an 
attack of homologous serum hepatitis are those of Oliphant.’'’ Twelve 
to 18 months after hepatitis produced by an agent in experimentally 
injected yellow fever vaccine (containing human serum) or in ictero- 
genic human serum alone, 10 persons were reinjeeted with the yellow 
fever vaccine. At the same time, 10 apparently normal controls 
without history of previous hepatitis were injected with the same 
vaccine. Three of the 10 controls subsequently developed jaundice 
but none of tliose who previously had had serum hepatitis again 
developed the disease. These results suggest that the hrst attack of 
serum hepatitis was followed by immunity to the same hepatitis agent. 

Cross-immunity Between Infectious Hepatitis and Homologous Serum 
Hepatitis. The reported data on cross-immunity are conflicting. 
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McFarlan and Chesneyd in the study of an army unit involved in an 
outbreak of homologous serum hepatitis following the prophylactic 
injection of a mumps convalescent plasma, found that 11 of the 175 
injected men had a history of naturally occurring jaundice (probably 
infectious hepatitis) in childhood. Eight of these 11 men again 
developed jaundice following the injection of the mumps convalescent 
plasma. Thus the previous attack of naturally occurring jaundice 
did not protect against subsequent homologous serum hepatitis. In 
contrast, the epidemiologic investigations of Findlay dnd his associates® 
gave them the impression that persons who previously had had infec- 
tious hepatitis were less susceptible to serum hepatitis than normal 
persons. Their data, however, do not seem convincing. Concerning 
the occurrence of these two diseases in the reverse order, Gordon is 
quoted by Witts” as having observed that previous homologous serum 
hepatitis not only failed to protect against subsequent infectious 
hepatitis but may have increased the susceptibility to the latter 
disease. The data of Gordon were not described. On the other 
hand, the results of Oliphant’s experimental' study” suggested that 
homologous serum hepatitis was followed by immunity that also pro- 
tected against an agent of infectious hepatitis. The ages of Oliphant’s 
subjects were not mentioned, a factor which is of considerable impor- 
tance in the interpretation of the results because of the decreased 
susceptibility of persons over 35 years of age to infectious hepatitis. 

Protection by Human Immune Serum {Gamma) Globulin. The 
ability of human immune serum globulin to prevent or attenuate 
infectious (epidemic) hepatitis**-” indicates that large pools of human 
adult plasma may contain a protective substance which neutralizes 
or inactivates the causative agent. As human immune serum globulin 
is the fraction of blood plasma which contains specific antibodies for 
the causative agents of a variety of diseases, it is probable that the 
substance protecting against the agent of infectious hepatitis is a 
specific antibody present as a result of previous apparent or inapparent 
infection of the plasma donors. This globulin fraction contains 
many different antibodies and therefore might include antibodies 
for several hepatitis agents. For this reason, the protective properties 
of human immune serum globulin probably will not aid in solving the 
question of one or multiple causative agents of hepatitis. 

The available immunologic data thus suggest that both infectious 
(epidemic) hepatitis and homologous serum hepatitis are followed by 
some degree of homologous immunity but the presence or absence of 
cross-immunity between the two diseases has not been established. 
Factors which may lead to erroneous interpretation of cross-immunity 
data and which may be responsible for the conflicting results reported 
to date include; (a) lack of knowledge of the sources of the hepatitis 
agents involved; (b) variation in susceptibility to infectious (epidemic) 
hepatitis with age; (c) uncertainty of the diagnosis or type of previous 
hepatitis based on history; (d) the probably frequent occurrence of 
unrecognized hepatitis without jaundice wEich may be followed by 
immunity; (e) the lack of knowledge of the presence of homologous 
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immunity in persons concerned in cross-immunity studies; (f) lack of 
knowledge concerning the duration of homologous immunity, assuming 
it exists. Although it is impossible to control all of these factors with 
the limited methods of study now available, an attempt has been 
made, in the present investigation, to eliminate as many of them as 
possible. Because the results to date have provided additional infor- 
mation, a preliminary report is presented at this time. The final 
results of this and related studies now in progress will be reported later. 

Materials and Methods. In a previous report,’® the data pertaining to the 
first stage of the experiment, namely, the basis for selection of volunteers, the 
initial experimental conditions, the methods of study, and the materials used 
for the experimental induction of homologous serum hepatitis, were fully 
described. After recovery from this disease, 6 of the subjects, ranging in 
age from 20 to 27 years, volunteered for tests of immunity and cross-immunity. 
With 1 exception, none of them had recognized hepatitis prior to participation 
in the first stage of the experiment. In 1939 while attending a university 
in Connecticut, subject H. J. C. had had a typical attack of “catarrhal 
jaundice," the onset occurring approximately 1 month after exposure to 
another student with this disease. 

Subjects R. R. M. and C. R. L. first were inoculated* parenterally with 
plasma A,’® a pooled mumps convalescent plasma known to contain a causative 
agent of homologous serum hepatitis. Subjects N. H. H. and J. C. first 
were inoculated with plasma B,’® which was obtained from another volunteer 
23 days after his inoculation with plasma A. Subjects S. B. E. and H. J. C. 
were inoculated first with a yellow fever vaccine'® which also was known 
to contain a causative agent of homologous serum hepatitis. One of the 
donors, whose plasma was included in plasma A, previously had received 
an injection of one of the lots of yellow fever vaccine that had been followed 
bj'- hepatitis in a number of recipients.® This donor developed hepatitis 
about 6 weeks after his plasma had been collected. It appears probable, 
therefore, that the same hepatitis agent was present in plasma A, plasma B, 
and the yellow fever vaccine. After recovery from hepatitis induced by 
parenteral administration of one of the 3 materials mentioned above, these 
6 men were inoculated parenterally with plasma A (second inoculation; im- 
munitj'^ test). After 190 to 218 daj’s, they were inoculated (third inoculation; 
cross-immunity) with feces pool 1 FIH (1 subject, oral inoculation) or serum 
pool 2 SIH (5 subjects; parenteral inoculation). These materials, described 
elsewhere in detail,’- contained a causative agent of infectious (epidemic) 
hepatitis that was responsible for an epidemic in a civilian summer camp 
located in Pennsylvania. 192 days after recoverj^ from the hepatitis that 
followed his third inoculation, subject R. R. M, was reinoculated with feces 
pool 1 FIH. Sufficient time has not yet elapsed to carry out the final phase 
of this experiment, namely, reinoculation with the causative agent of infectious 
hepatitis, on the other 5 subjects. 

At approximatelj’- the .same time that the men received their second inocula- 
tions (plasma A; immunity test), 3 normal controls were inoculated parenter- 
ally with plasma A. In addition, 6 other normal persons who received this 


* The term “inocul.'vted” is used herein to indicate cither oral or parenteral adminis- 
tration. The term “normal controls” is used to dcsiKnatc volunteers wlio had no 
prewous historj’ of hepatitis and liad received no previous experimental inoculation 
■srith materials known to contain a hepatitis aRcnt. Tlie term “hepatitis with jaundice" 
is used to indicate licpatitis durint; which icterus was visible at some staco of the disease, 
Cases with clinical and Jaboratorj- oridence of hepatitis but witliout wsiblc icterus liavc 
Ijccn designated as “hepatitis without jaundice." “Rccoverj'” is used lierc to indicate 
absence of sjmptoms and physical signs and ability to return to usual duties. 
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plasma at other times also served as controls. At approximately the same 
time that those in the test group were inoculated parenterally with serum 
pool 2 SIH (third inoculation; cross-immunity), 3 normal controls were 
inoculated parenterally and 3 others were inoculated orally with this serum 

^°After each of the inoculations, the volunteers were observed carefully for 
symptoms and signs of any illness. Liver function studies were performed 
2 or more times weekly. 

Results. The results of the liver function studies and the approxi- 
mate duration of sjanptoms following the three inoculations of the men 
tested for immunity and cross-immunity are shown in Figures 1 to 6. 
The results in these men and the controls are summarized in Table 1. 


Table 1.— Results of Immunity and Cross-immunity Tests 

Second inoculation Third inoculation 

First inoculation immunity test cross-inununity test 


Subjects 

Agent 

Route 

Hepatitis 

Agent 

Route 

Hepatitis 

Agent 

Route 

Hepatitis 

R.R.M. . 

S.H. 

Plasma A 

Par. 

4+ 

S.H. 

Plasma A 

Par. 

0 

I.H. 

Pool 1 FIH 

Oral 

3+ 

C. R. L. . 

S.H. 

Plasma A 

Par. 

4+ 

S.H. 

Plasma A 

Par. 

7 

I.H. 

Pool 2 SIH 

Par. 

3+ 

N.H.H. . 

S.H. 

Plasma B 

Par. 

2+ 

S.H. 

Plasma A 

Par. 

7 

I.H. 

Pool 2 SIH 

Far. 

2+ 

J. C. . . 

S.H. 

Plasma B 

Par. 

1+ 

S.H. 

Plasma A 

Par. 

7 

I.H. 

Pool 2 SIH 

Par. 

2+ 

S. B. E. . 

S.H. 

y.F.v. 

Par. 

3+ 

S.H. 

Plasma A 

Par. 

7 

I.H. 

Pool 2 SIH 

Par. 

1+ 

H.J.C.* . 

9 controls . 

S.H. 

Y.F.V. 

Par. 

2+ 

S.H. 

Plasma A 

S.H. 

Plasma A 

Par. 

Par, 

7 

8 (3 to 4+) 

I.H. 

Povl 2 SIH 

Par. 

0 

12 controls 

• 






I.H. 1 

0 Oral 5 (3 to 4+) 
6 Par. 0 


Note.— S.H., agent of homologous serum hepatitis; I.H., agent of infectious (epidemic) hepatitis; Par., parenteral; 
0 indicates no evidence of hepatitis; ? indicates the occurrence of transient symptoms and/or laboratory findings 
suggestive of transient mild hepatic disturbance; 1+ indicates hepatitis vdthout jaundice; characteristic symptoms 
associated with significant changes in hepatic function; 2-1- indicates hepatitis without jaun^ce, the clinical and 
laboratorj” manifestations being more marked than those designated 1-f ; 3+ indicates hepatitis with overt jaundice; 
4-1- indicates hepatitis with overt jaundice, the manifestations being more marked than those designated as 3-1-. 

• H. J. C. had infectious hepatitis 4 years prior to participation in these experiments. 

Sxibjcct R. R. M. (Fig. 1.) (1) First inoculation: 75 days after he was 
injected parenterally with the serum hepatitis agent (plasma A, 12 ml.), he 
developed moderately severe hepatitis with jaundice. (2) Second inoculation 
{immunity test) : 154 days after the first inoculation and 34 days after recovery 
from the first attack of hepatitis, he again was injected parenterally with the 
spie agent of serum hepatitis (plasma A, 10 ml.). No S 3 ’-mptoms, physical 
signs, or laboratorj’^ evidence of hepatic disturbance were detected during the 
subsequent 194 daj's. (3) Third inocidation {cross-immunity) : 194 daj'S after 
the second inoculation, he was inoculated orally with the causative agent of 
infectious (epidemic) hepatitis (feces pool 1 FIH, 5 ml.). After an incubation 
period of 25 days, he developed hepatitis with jaundice. (4) Fourth inoculation 
(not shown in Fig. 1) : 270 days after the third inoculation and 192 days after 
recovery, he again was inoculated orallj’- with the same agent of infectious 
hepatitis (feces pool 1 FIH). No e\idences of hepatitis have been detected 
during the 100 da 3 ^s which have elapsed. 

Stihject C. R. L. (Fig. 2.) {1) First inocidation: approximatcb’' 100 da 3 "S 
after his initial parenteral injection with the agent of serum hepatitis (plasma A, 
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9 ml.) be developed moderately severe hepatitis with jaundice. (2) Second 
inoculation {immunity test) : 223 days after the first inoculation and 85 days 
after recovery he again was injected parenterally with the same agent of 
serum hepatitis (plasma A, 5 ml.). Between the 57th and 61st days following 
the second injection, he experienced malaise, generalized aches and pains, 
mild anorexia and nausea, and 1 episode of vomiting. The symptoms were 
mild but were associated with a transient slight increase in bromsulphalein 
retention and slight increase in the excretion of urine urobilinogen. After 
the 61st day, he felt perfectly well and had no evidence of hepatic disturbance 
other than occasional weaWy positive tests for bilirubin in the urine. (3) 
Third inoculation {cross-immunity test) : 218 days after the second inoculation, 
he was injected parenterally with the agent of infectious hepatitis (serum 
pool 2 SIH, 2 ml.). After an incubation period of 28 days, he developed 
hepatitis with jaundice. 

R.R.M. 





Fio. 1. — Laboratory data on R. R. M. in relation to the initial inoculation with a 
causative agent of serum hepatitis, the reinocuiation with the same agent, and the sub- 
sequent inoculation with the causative agent of infectious hepatitis. Arrows and 
broken horizontal lines above the curve for urine urobilinogen indicate periods during 
which BiTuptoms were present. "Par.” indicates parenteral administration. Sections 
of cuiwcs for various tests shown by broken lines represent relatively long intervals 
during which no determinations were made. Readings between 0 and 1-b shown for 
the cephalin cholesterol flocculation test and the Harrison spot test for urine bilirubin 
indicate responses of questionable significance. 

Subject N. H. H. (Fig. _3.) (1) First inoculation: from the 22nd to the 
looth daj' after parenteral injection of an agent of homologous serum hepatitis 
(plasma B, 20 ml., probabty containing the same agent as plasma A), he had 
laboratory evidence of mild hepatitis without jaundice. Malaise, anorexia 
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and nausea were present from the 23rd to the 26th day. After the 26th day, 
he felt perfectly well in spite of the continued positive laboratory evidence of 
hepatic disturbance. (2) Second inoculation (immunity^ test) : 240 days after 
the first inoculation and 85 days after recovery, he again was injected paren- 
teraUy with the serum hepatitis agent (plasma A, 5 ml.) . Between the 83rd 
and 160th day after this injection, he had laboratory evidence suggestive of 
subclinical hepatic disturbance without jaundice. Malaise, weakness, easy 
fatigue, anorexia, nausea, vomiting and abdominal discomfort appeared on 
the 93rd day but these symptoms persisted for only 24 hours. After the 
94th day he felt perfectly well. (3) Third inoculation (cross-immunity test) : 
218 days after the second inoculation, he was injected parenterally with the 
agent of infectious hepatitis (serum pool 2 SIH, 2 ml.). After an incubation 
period of 37 days, he developed typical symptoms and conclusive laboratory 
evidence of hepatitis without jaundice. 




Fig. 2.~Laboratory and other data on subject C. R. L. (See Fig. 1 for legend.) 


Subject J . C. (Fig. 4.) (1) First inoculation: from the 12th to the 62nd 
day after parenteral injection of the serum hepatitis agent (plasma B, 11 ml.), 
he had laboratorj’’ evidence of mild hepatitis without jaundice. Malaise, 
anorexia and nausea were present between the 12th and 14th and the 22nd 
to the 24th daj^s. After the 24th day he felt perfectly well. (2) Second 
inoculation (immunity test): 196 days after the first inoculation and 172 days 
after recovery, he again was injected parenterally with the serum hepatitis 
agent (plasma A, 5 ml.). On the 141st day after this injection, he had malaise 
and complained of weakness, easy fatigue, chilly sensations, pain in the back) 
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anorexia and abdominal discomfort. His temperature was elevated to 99.5° F. 
(oral). Most of the symptoms, which were associated with weakly positive 
tests for urine bilirubin, disappeared within 48 hours. No further symptoms 
or laboratory evidence of hepatic disturbance occurred after the 142nd day. 
(3) Third inoculation (cross-immunity test) : 218 days after the second inocu- 
lation, he was injected parenterally with the agent of infectious hepatitis 
(serum pool 2 SIH, 2 ml.). After an incubation period of 28 days he devel- 
oped symptoms and conclusive laboratory evidence of hepatitis without 
jaundice. ' _ 
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Pig. 3. — Laboratory and other data on subject N. H. H. (See Pig. 1 for legend.) 
Plasma B and plasma A presumably contained the same causative agent of homologous 
serum hepatitis. 


Subject S. B. E. (Fig. 5.) (1) First inocidation: between the 75th and 150th 
day after parenteral injection with a serum hepatitis agent (yellow fever vac- 
cine, 2 ml., probablj^ containing the same agent as plasma A and B), he had 
symptoms and/or laboratorj^ evidence of hepatitis. Jaundice was apparent 
from the 95th to the I07th day. (2) Second inoculation (immunity test): 
254 days after the first inoculation and 104 days after complete recoveiy, he 
again was injected parenterally with the serum hepatitis agent (plasma A, 
5 ml.). From the 38tb to the 112th day after this injection, he had inter- 
mittent vague symptoms and/or laboratory findings suggestive of mild hepatic 
disturbance. The sj'mptoms were mild and occurred intermittently in epi- 
sodes of 24 to 48 hours duration. Thej’^ included vague muscle pain, slight 
anorexia, mild nausea, excessive belching, vague abdominal discomfort and 
general malaise. The symptoms never were incapacitating. The laboratory' 
findings included intermittentlj' positive tests for urine bilirubin and elevation 
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of sedimentation rate -ndtliout other obvious explanation. (3) Third inocula- 
tion (cross-immunity test) : 190 days after the second inoculation and 78 days 
after recovery, he was injected parenterally with the agent of infectious 
hepatitis (serum pool 2 SIH, 2 ml.). On the 35th day after his inoculation, 
he developed fever (100.2° F. oral), malaise, weakness, easy fatigue, joint, 
muscle, and back pain, headache, mild anorexia, excessive belching and 
abdominal discomfort. Some of these symptoms persisted intermittently 
until the 54th day. During this period, cephalin cholesterol flocculation tests 
gave significantly positive reactions but the other liver function studies showed 
no significant abnormalities. 
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Fig. 4. — Laboratorj’ and other data on subject J. C. (See legends of Figs. 1 and 3.) 


Subject H. J. C. (Fig. 6.) As pretdously mentioned, this volunteer had 
naturally occurring catarrhal jaundice (probably infectious hepatitis) in 1939. 
(1) First inoculation. (1943) : on the 61st daj’- after parenteral injection with 
the agent of serum hepatitis (yellow fever vaccine, 2 ml.) he developed hepat- 
itis without jaundice. (2) Second inocidation (immunity test) : 226 daj's after 
the first inoculation and 125 days after recovery, he again was injected par- 
enterally with the serum hepatitis agent (plasma A, 5 ml.). During the sub- 
sequent 218 days, he had no definite sy’mptoms although abnormalities in the 
results of the cephalin cholesterol flocculation test and the Harrison spot test 
for urine bilirubin were suggestive of subclinical hepatic disturbance. (.3) 
Third inocidation (cross-immunity) : 218 day's after the second inoculation he 
was injected parenterally with the agent of infectious hepatitis (serum pool 
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2 SIH, 2 ml.). During the 125 days which harve elapsed to date, he has had 
no characteristic symptoms or laboratory evidences of hepatic disturbance. 
Controls. The 3 normal controls inoculated parenterally with the serum 
hepatitis agent (plasma A, 5 ml.) at the time of the immunity tests alKdevel- 
9 ped hepatitis with jaundice after 102, 103 and 108 days. Five of the 6 normal 
controls inoculated parenterally with this agent (plasma A; doses ranging 
from 1 to 250 ml.) at other times developed hepatitis with overt jaundice after 
60 to 110 days (the one who failed to develop the disease received 100 ml. of 
plasma A). 
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Fio. 5. — Laboraforj’ and other data on subject S. B. E. (Fee Fie. 1 for Icpend.i 
The information available strongly suggests that the yellow fever vaccine and plasma A 
contained the same causative agent of homologous serum hepatitis (see text). 


At the same time that 5 of the 6 men in the cross-immunity test group 
were inoculated parenterallj' with the agent of infectious hepatitis (serum 
pool 2 SIH, 2 ml.), 6 normal controls also were inoculated with this agent, 
3 subjects receiving 2 ml. of serum pool 2 SIH parenterallj’^ and 3 receiving 
3 ml. of this serum pool orally. None of the 3 controls inoculated parenter- 
ally has developed hepatitis during the 180 daj'S elapsing to date whereas 2 of 
the 3 inoculated orally developed hepatitis with jaundice after incubation 
periods of 26 and 33 days. Similar results were obtained on oral and par- 
enteral administration to normal controls of a Seitz hltrate of feces pool 1 FIH, 
which contained the same agent of infectious hepatitis as serum pool 2 SIH.’’ 
None of the 3 inoculated parenterallj’- with the Seitz filtrate has developed 
hepatitis in the ISO daj's which have elapsed whereas all of the 3 inoculated 
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orally developed hepatitis with jaundice after incubation periods of 28, 30 and 
32 days. Thus 5 of the 6 normal controls inoculated orally with materials 
containing this agent of infectious hepatitis developed the disease in contrast 
to none of the 6 inoculated parenterally with the same materials. 
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Fig. 6. — Laboratory and other data on subject H. J. C. (See legends of Figs. 1 and 5.) 
This subject had naturally occurring infectious hepatitis in 1939, 4 years prior to the 
first experimental inoculation. 


Clinical Observations. In 11 of the 13 men (test group and controls) who 
developed hepatitis after inoculation with the serum hepatitis agent, the acute 
onset occurred aftei 60 or more days and none of the 13 men had elevations 
of temperature above 100° F. (oral). After oral or parenteral inoculation 
with the agent of infectious hepatitis, the longest incubation period in the 
10 men (5 of the test group, 5 orally inoculated controls) contracting the 
disease was 37 days and all had elevations of oral temperature exceeding 
100° F. at the onset. 

Discussion. None of the 6 men w^o w'ere inoculated wdth a causative 
agent of homologous serum hepatitis after recovery from homologous 
serum hepatitis developed incapacitating symptoms or jaundice. 
Although mild symptoms and/or laboratory findings suggestive of 
transient hepatic disturbance w^ere observed in 5 of the 6 men, these 
manifestations -were clinically insignificant and were not sufficient to 
establish definitely a diagnosis of hepatitis. On the other hand, 8 of 
the 9 normal controls inoculated wdth the same agent developed 
hepatitis wdth overt jaundice. Compared to tlie control subjects it is 
apparent tliat the men who previously had had homologous serum 
hepatitis were resistant to this causative agent of serum hepatitis. 

The finding that the 6 men of the test group were resistant to the 
serum hepatitis agent in plasma A supports the presumption that 


Ul_l 
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plasma A, plasma B and the yellow fever vaccine (see Blaterial and 
Methods) contained the same hepatitis agent. The demonstration of 
resistance (immunity)* to the serum hepatitis agent also supports the 
diagnosis of the initial non-icteric illnesses of N. H. H., J. C. and 
H. J. C. as hepatitis without jaundice. The high susceptibility of the 
men in the control group to the serum hepatitis agent in plasma A 
provides evidence that the resistance of the test group to this agent 
resulted from their previous attacks of homologous serum hepatitis. 
For this reason the acquired resistance of N. H. H. and J. C. probably 
can be regarded as an illustration of the production of immunity by 
mild infection, which under ordinary circumstances, would not have 
been recognized as hepatitis. 

Although resistant to the serum hepatitis agent, 5 of the 6 men again 
developed hepatitis after oral (1 man) or parenteral (5 men) inoculation 
with materials containing the causative agent of infectious hepatitis. 
Of the 5 men inoculated ■parenierally with such material, only 1 (H. J. 
C.) showed no subsequent evidence of hepatitis and he previously 
had had both infectious and homologous serum hepatitis. This is of 
importance because none of the 6 normal controls injected parenterally 
with this causative agent of infectious hepatitis developed the disease, 
a result which raises the question as to whether the hepatitis occurring 
in those who previously had had serum hepatitis was due to the agent 
of infectious hepatitis or to a reactivation of the serum hepatitis agent. 
Although reactivation of the serum hepatitis agent cannot be com- 
pletely excluded, the following observations make this explanation 
improbable: (1) reactivation did not occur in Oliphant's series of 
inoculations 12 to 18 months after an attack of homologous serum 
hepatitis (2) the onset of hepatitis occurred 28 to 37 days after the 
inoculation, an interval corresponding to the incubation period of 
infectious hepatitis; (3) the subjects had been shown to be resistant 
to the agent of serum hepatitis and disappearance of this resistance 
during the interval between the immunity and cross-immimity tests 
seems improbable for the following reasons: (a) Oliphant’s study of 
immxmity® following homologous serum hepatitis indicated that the 
immimity persisted for at least 12 to 18 months. In the present 
investigation, the cross-immunity tests were completed within 12 
months after the original attack of homologous serum hepatitis. 
Furthermore, during that 12 months, the men again bad been inocu- 
lated with a serum hepatitis agent, a procedure which not only demon- 
strated their resistance to that agent but also might have maintained 
or even increased that resistance. (6) The only one of the test group 
who failed to show some evidence of hepatitis after inoculation with 
material containing the agent of infectious hepatitis previously had 
had both homologous serum hepatitis and infectious hepatitis, sug- 
gesting that he was protected by the previous attack of infectious 
hepatitis. The possibilitj^ that the serum hepatitis and infectious 
hepatitis agents were the same and that the last attacks of hepatitis 

* The term “immunity” is used broadly throughout this report to indicate either 
complete or almost complete resistance to the hepatitis agent used. 
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were due to an overwhelming dose, sufficient to overcome the pre- 
viously demonstrated resistance to the serum hepatitis agent, probably 
can be eliminated by the failure of the normal controls (injected 
parenterally) to develop the disease. The foregoing observations 
seem to justify the conclusion that the hepatitis which occurred in the 
men of the test group, following inoculation with materials containing 
the causative agent of infectious hepatitis, was not due to reactivation 
of the serum hepatitis agent, to reinfection with that agent after dis- 
appearance of the previously demonstrated resistance, or to break- 
down of that resistance by an overwhelming dose of the same agent. 
For these reasons, it is probable that the last attacks of hepatitis in 
the men of the test group were due to the causative agent of infectious 
hepatitis which was known to be present in the serum with which they 
were inoeulated (cross-immunity test). Thus it appears that these 
men were not protected against the agent of infectious hepatitis by 
their resistance to the agent of homologous serum hepatitis. The 
results strongly suggest a difference in the antigenic properties of the 
two agents employed. The difference may be explained either, on the 
basis of antigenic variation in strain of a single type of ^^^us agent or 
an the basis of two different types of \drus agent. Additional infor- 
mation may be provided by the challenge of volunteers shown to be 
immune to the causative agent of infectious hepatitis with the serum 
hepatitis agent, the reverse of the procedure employed in the present 
study. This type of cross immunity study ^vill be conducted if volun- 
teers continue to be available. 

The experimentally induced infectious hepatitis in all cases was 
characterized by elevations of temperature greater than 100° F. at the 
onset and by an incubation period that did not exceed 37 days regard- 
less of the route of inoculation (parenteral or oral) . The experimentally 
induced homologous serum hepatitis was characterized by an interval 
of 60 or more days between inoculation and jaundice in 9 of the 11 cases 
and no elevations of temperature above 100° F. (oral) were observed. 
Although exceptions to the characteristic pattern have been noted, 
these differences are in accord with those described in the literature 
and they provide support for the immunologic evidence indicating 
some difference between the causative agents of the two types of 
hepatitis. 

A difference in the causative agents employed herein also is sug- 
gested by the variation in results with different routes of inoculation. 
Thus oral administration of this agent of infectious hepatitis produced 
the disease in 5 of 6 normal persons whereas parenteral administration 
of the same agent failed to produce the disease in any of 6 other 
normal persons. On tlie other hand, oral administration of materials 
(plasma and feces) from patients with homologous serum hepatitis to 
a small group of normal persons has failed to induce the disease,’® 
whereas parenteral administration of this serum hepatitis agent pro- 
duced the disease in 8 of 9 normal persons. The experimental results 
with this causative agent of infectious hepatitis have suggested that 
normal persons are much more apt to develop the disease when the 
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agent is administered orally than when it is injected parenterally. 
In respect to this agent of homologous serum hepatitis, the preliminary 
studies have suggested that it is more apt to induce the disease in 
normal persons when injected parenterally than when administered 
orally. The results of additional experiments now in progress may 
confirm or modify these preliminary impressions. 

The data also suggest that the ability of this causative agent of 
infectious hepatitis to induce the disease when injected parenterally 
may depend, in part, on previous infection by the serum hepatitis 
agent. Of the 10 persons without previous history of infectious 
hepatitis who were injected parenterally with this agent of infectious 
hepatitis, only the 4 who previously had had homologous serum 
hepatitis developed the disease. This strongly suggests that the 
persons who previously had had homologous serum hepatitis were 
more susceptible to the parenterally injected agent of infectious hepat- 
itis than the controls with no previous history of homologous serum 
hepatitis. 

Summary and Conclusions. Homologous serum hepatitis was in- 
duced experimentally in 6 human volunteers by the parenteral admin- 
istration of materials known to contain a causative agent of this 
disease. After recovery, the 6 men were inoculated parenterally with 
a plasma that contained a causative agent of homologous serum hepat- 
itis in order to test for homologous immunity. Nine normal control 
subjects without previous history of hepatitis also were inoculated 
parenterally with the same plasma. None of the 6 men in the test 
group developed incapacitating symptoms or jaundice, whereas 8 of 
the 9 controls developed hepatitis with jaundice. 

The 6 men then were inoculated (1 orally, 5 parenterally) with 
materials known to contain a causative agent of infectious (epidemic) 
hepatitis in order to test for cross-immunity. Twelve normal controls 
without previous history of hepatitis also were inoculated with these 
materials, 6 receivmg the infectious material orally and 6 receiving it 
parenterally. Of the 6 men tested for cross-immunity, 5 again devel- 
oped hepatitis, the evidence being conclusive in 4 and very suggestive 
in the ^th person. The one who showed no evidence of hepatitis 
previously had had both infectious hepatitis and homologous serum 
hepatitis. None of the 6 normal controls inoculated parenterally 
developed hepatitis, whereas 5 of the 6 normal controls inoculated 
orally contracted typical infectious hepatitis. 

The interval between inoculations with serum hepatitis agent and 
the onset of jamidice usually exceeded 60 days, whereas that between 
inoculation with the agent of infectious hepatitis and the onset of this 
disease did not exceed 37 days regardless of the route of inoculation. 
Oral temperatures did not exceed 100° F. in the cases due to the serum 
hepatitis agent, whereas the oral temperature exceeded 100° F., 
regardless of the route of inoculation, in all of the cases due to the 
agent of infectious hepatitis. 

The groups employed in the studies reported herein are too small to 
warrant final conclusions regarding the relationship of the causative 
agents of infectious hepatitis and homologous seriun hepatitis. Never- 
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theless the following observations provided considerable evidence that 
the two agents employed were not identical: (1) The susceptibility 
to the causative agent of infectious hepatitis of volunteers previously 
shown to be resistant to the causative agent of homologous serum 
hepatitis, suggesting a lack of cross-immunity, presumably due to a 
difference in the antigenic properties of the two agents. (2) The 
apparent difference in the ability of the two agents to produce hepat- 
itis in normal persons when injected parenterally as indicated by (a) 
the occurrence of hepatitis in 8 of 9 normal persons who received the 
serum hepatitis agent parenterally, and (b) the failure of hepatitis to 
occur in any of 6 normal persons injected parenterally with the same 
causative agent of infectious hepatitis that produced the disease in 
5 of 6 normal persons who received it orally. 

Addendum. Since the preparation of this report for publication, Havens has reported 
an experimental study of immunity in hepatitis (Havens, W. P., Jr.; Experiment in 
Cross Immunity Between Infectious Hepatitis and Homologous Serum Jaundice, Proc. 
Soc. Exp. Biol, and Med., 59, 148, 1945). Three men who had recovered from experi- 
mentally induced homologous serum hepatitis were inoculated parenterally with an 
agent of infectious hepatitis. All developed hepatitis after incubation periods of 20 to 25 
days. However, the existence of homologous immunity to the causative agent of homolo- 
gous serum hepatitis was not determined in these men or in suitable controls so that no 
definite conclusions regarding cross immunity were drarni. 

Since submission of this report for publication, 8 volunteers have been found to be 
resistant to reinfection by a causative agent of infectious (epidemic) hepatitis up to at 
least 8 months after recovery from previous hepatitis due to the some agent. Thus 
experimental evidence indicating the existence of homologous immunity following both 
infectious hepatitis and homologous serum hepatitis now is available. For this reason 
the susceptibility to the agent of infectious hepatitis of volunteers shown to be resistant 
to the agent of homologous serum hepatitis is best explained by a lack of cross immunity 
and by a difference, at least in their antigenic properties, in the two hepatitis agents 
studied. 

This investigation was made possible by the cooperation of the administrative staffs 
of Selective Service (Camp Operations Division) , the National Service Board for Religious 
Objectors, the American Friends Service Committee, the Philadelphia State Hospital, 
the New Jersey State Hospital, and we are particularlj' indebted to the members of 
Civilian Public Service Unit No. 140, Philadelphia, Penna., who volunteered as subjects 
in these investigations. The biochemical studies were superxised by Dr. John G. Rein- 
hold, Principal Biochemist of the Philadelphia General Hospital. 
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The antibiotic agent streptomycin was described by Schatz, Bugie 
and Waksman.® Several reports^'®-'*~'^'*“'“ have appeared which indi- 
cate that this substance may prove of value in treatment of infections 
caused by certain gram-negative, gram-positive and acid-fast bacteria. 
At the jN'Iayo Clinic studies were begun in September, 1944, to explore 
the possible methods of administration and to obtain some information 
concerning absorption, diffusion, excretion and toxicity of the sub- 
stance. 

Streptomycin has been administered to liuman subjects by the 
continuous intravenous, intermittent intravenous, intermittent intra- 
muscular, continuous intramuscular and intermittent subcutaneous 
routes. Streptomycin also has been administered intrathecally, by 
means of nebulization and orally. For determination of the concen- 
tration of streptomycin in various body fluids two methods have been 
employed. One method used was a modification of the Fleming slide 
cell technique described by one of us (D, H. H.).- The other method 
employed was a modification of the cup plate method of assay.® The 
test organism used in the cup plate method in determining concen- 
tration of streptomycin in the blood serum was a sensitive strain of 
Staphylococcus avrciis. For determinations of the concentration of 
streptomycin in the urine, the test organism used was Bacilhis sxibiilis. 
The present report deals with the results obtained in the studies just 
mentioned. 

Absorption Following Various Methods of Administration. Conthui- 
oiis IniravcnoJis Drip. On a theoretic basis, the continuous intravenous 
drip method of administration, which often has been used for adminis- 
tration of penicillin, appears to be the most satisfactory method of 
maintaining constant concentrations in the blood of patients who are 


* The streptomycin used in these studies was kindly supplied, for the most part, by 
Dr. D. F. Robertson of ^lerck & Co.. Inc. Small supplies of streptomycin also have 
been furnished by Abbott Lalxiratorics, The Upiohn Company and Parke, Davis & Co. 
Some streptomycin, furthermore, was furnished by the Office of .Scientific Research and 
Development from supplies assigned by the Committee on Medical Research for experi- 
mental investigations recommended by the Committee on Chemotherapeutics and Other 
Agents of the National Research Council. 



HEILMAN, HEILMAN, HINSHAM^ NICHOLS, HERRELL: STREPTOMYCIN 577 


receiving streptomycin. Patients have received as much as 4,000,000 
units of streptomycin per day by this method. The unit of potency, 
as originally described by the investigators at Rutgers University, was 
that quantity of the dry material which would inhibit the growth of a 
given strain of Escherichia coli in 1 cc. of nutrient broth or agar. It 
has been observed that the blood of a patient who was receiving 
2,000,000 units of streptomycin per 24 hours by the intravenous drip 
method contained 31 units of streptomycin per cc., according to 
determinations made by the cup plate method. Likewise, the blood 
of a single patient who was receiving 1,000,000 units of streptomycin 
per 24 hours by this method contained between 6 and 8.7 units of 
streptomycin per cc. 

Venous irritation at the site of injection has occurred at times; 
however, actual thrombosis rarely has been associated with this method 
of administration. Streptomycin of high potency is not seriously 
irritating for subcutaneous tissues and, therefore, significant discom- 
fort will not result if the needle is accidentally displaced and the 
solution is forced into the subcutaneous tissues. 

InienniUe7it Intravenous Administration. Although streptomycin 
may be administered intermittently by the intravenous route, intra- 
venous administration has no advantages over intramuscular or sub- 
cutaneous injection. The concentration in the blood following a single 
intravenous injection is high for a short period but falls off more 
rapidly than when any other means of intermittent administration 
has been utilized (Tables 1 and 2). Discomfort has not occurred 
when as much as 100,000 to 200,000 units of streptomycin has been 
given in 10 to 20 cc. of physiologic saline solution. Single or repeated 
injections every 3 hours have been carried out by this method. 


Table 1. — Concentrations of Streptomycin in Blood Sbrtoi Eollowing 

Repeated Injections 


.Administration of 
streptomycin 


Case 

Route 

Dose ever}' 
3 hr. 
(uniLs) 

No. 

doses 

1 

I.V.t 

100,000 

3 

2 

I.V. 

100,000 

3 

3 

I.M.t 

100,000 

3 

4 

I.M. 

100,000 

3 

5 

I.M. 

400,000 

3 

G 

I.M. 

400,000 

3 

7 

I.V. 

400,000 

3 


Streptomycin in blood serum 
(units* per cc.) 


Hours after first dose 


1 

3 

6 

9 

12 

3 

1.5 

3 

3 

1.5 

5.4 

2.9 

4.5 

3.4 

2.3 

3 

1.5 

1.5 

1.5 

1 .5 

4.0 

3 

4 

5.4 

2.8 

1.5 

1 .5 

1.5 

1.5 

0 

2.7 

2.6 

2.0 

3.3 

1.2 

1 .5 

1.5 

3 

3 

1.5 

3 

3.3 

4.5 

4.3 

2.8 

3 

3 

0 

3 

3 

3.G 

2.1 

11 

3.9 

2.3 

3 

3 

3 

3 

0 

5.7 

2.8 

5.8 

6.9 

,2.G 

14.5 

14.9 

13.2 

7.5 

4.1 


Method 
of assay 

Reactions 

Slide cell 
Cup plate 

None 

Slide cell 
Cup plate 

None 

Slide cell 
Cup plate 

None 

Slide cell 
Cup plate 

None 

Slide cell 
Cup plate 

None 

Slide cell 
Cup plate 

None 

Cup plate 

Joint pain, fever, 
nausea, albu- 
minuria, hema- 
turia 


* The units of potenpy used in'these studies have been described elsewhere. SufEce to s.ay here that 

rfpL'rfw obtained with the orifiinally 

oescntKd Eschmehta edit unit of the Rutcers investigators. ^ 

t I.V. ■= intravenous; I.M. = intramuscular. 
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Table -2.— Concbnteations op Streptomycin in Blood Serum Following 
Single or Intermittent Injections 

Streptomycin in blood serum 
(units per cc.) 



Route of 

Amount 
per dose 
(units) 


Hours after injection 


Method 
of assay 

Case 

admin. 


1 

2 

3 

4 

1 

I.V. 

100,000 

6 

6 

3 

0 


Slide cell 

2 

I.M. 

100,000 

3 

3 

3 

3 

, . 

Slide cell 

3 

Subcut. 

100,000 

3 

3 

3 

1.5 

, , 

Slide cell 

4 

Subcut. 

200,000 

6 

6 

6 

G 


Slide cell 




8.8 

8.8 

7.2 

6.2 

.. 

Cup plate 

5 

Subcut. 

200,000 

12.5 

6 

6 

3 


Slide cell 




10 

7.7 

6 



Cup plate 

6 

Subcut. 

200,000 

12.5 

25 

6 

0 

. . 

Slide cell 

7 

Subcut. 

lOO.OOO* 

• - 

12.5 




Slide cell 

8 

Subcut. 

100,000* 


12.5 

25 

6 


Slide cell 

9 

Subcut. 

115,000* 

• • 

12.5 




Slide cell 

10 

Subcut. 

115,000* 


6 




Slide cell 

11 

Subcut. 

150,000* 


12.5 




Slide cell 





16.0 




Cup plate 

12 

Subcut. 

250.000* 


25 

25 

25 

25 

Slide cell 





31 

24 

16 

10 

Cup plate 


* Dose indicated was administered every 3 hours. 


Intermittent Intrammcnlar Administration. Under most clinical 
circumstances, probably intramuscular administration is the method 
of choice at present. Reasonable concentrations are maintained in 
the blood for at least 3 hours after administration, by this method, of 
adequate doses of streptomycin. In some instances, antibacterial 
amounts of streptomycin will be found to remain in the blood for as 
long as 4 to 6 hours after the last intramuscular injection has been 
made. For^ this method of administration the volume of solution 
which contains the streptomycin is kept at a minimum. Streptomycin 
of high potency can be administered by intramuscular injection; for 
instance, 100,000 units can be administered in 1 cc. of physiologic 
saline solution. The concentration of streptomycin in the blood fol- 
lowing single and repeated intramuscular injections is recorded in 
parts of Tables 1 and 2. Intermittent intramuscular injection is made 
either into the gluteal or the deltoid muscles. A standard 22 gauge 
needle 2w inches (about 6.5 cm.) in length, usually is employed for mak- 
ing the injections. 

Coniinyons Intramvsmlar Administration. A convenient method 
for continuous intramuscular administration of streptom 3 'cin is as 
follows; The contenaplated dai!,v dose of streptomj^cin is dissolved in 
1 liter of saline solution and the intramuscular injection is made with 
tlie standard intramuscular needle. The rate of flow is regulated at 
approximately S to 10 drops per minute. 

Intermittent Svbcntaneons Administration. The subcutaneous meth- 
od at times maj' prove satisfactorj’’ for repeated injeetions of strepto- 
mj’cin. Preparations of highest potenej’^ can be injected subcutaneously 
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every 3 hours, probably with less discomfort than when any other 
route of administration is used. Subcutaneous administration of rela- 
tively crude preparations at times may produce some pain and local 
irritation at the site of injection. Reasonably antibacterial amounts 
of streptomycin have been maintained in the blood of patients who 
have received streptomycin in amounts of 100,000 units every 3 hours 
subcutaneously (Table 2) . One advantage of the subcutaneous method 
of administration is that highly trained personnel are not required. 
Student nurses as well as others can administer the material in this 
fashion. From limited studies it also appears that fairly purified 
streptomycin is less irritating than is penicillin to the subcutaneous 
tissues. 

Intrathecal Administration. For reasons which will be mentioned 
later in connection with the diffusion of streptomycin, at times it may 
be necessary to administer the drug by the intrathecal route. Single 
injections of as much as 100,000 units of streptomycin, dissolved in 
10 cc. of physiologic saline solution, have been administered intra- 
thecally for meningitis. No evidence of serious untoward reactions 
has appeared. Antibacterial amounts of the substance have been 
found in the cerebrospinal fluid for at least 24 hours after these injec- 
tions (Table 3). In 1 instance, detectable amounts of the substance 
were present in the cerebrospinal fluid for a considerably longer time. 

Table 3. — Streptomycin in Cerebrospinal Fluid 






Concentration in blood 
serum 

(units per cc.) 

Concentration in 
cerebrospinal fluid 
(units per co.) 


Route of 
admin. 

Dose 

(units) 

Doses 

per 

day 

Hours after injection 

Hours after injection 

Case 


1 

2 3 

2 3 12 26 ' 

1 

Intrathecal 

50,000 

100,000 

1 

1 




.... 50 6 

.... 6 

2 

Subcut. 

50,000 

8 




None detectable 

3 

I.M. 

60,000 

8 


1.5 

1.5 1.5 

0 0 

4 

I.M. 

60.000 

8 

.. 

3 

3 1.5 

0 0 

5 

Subcut. 

200.000 

1 

12.5 

6 

6 3 

0 0 

G 

Subcut. 

200,000 

1 

6 

6 

6 6 

0 0 


Administration by N ehulization. Experimentally, streptomycin in 
concentrations as high as 50,000 units per cc. was found to produce no 
irritation of the mucosa of tiie tracheobronchial tree. Three patients 
concerned in the present study received streptomycin by the tracheo- 
bronchial route. The material was administered hy means of a 
nebulizer* connected to an oxj'gen tank equipped with reducing valve 
and flovToeter. As much as 500,000 units per day has been given, with- 
out interruption for periods as long as 4 weeks, for tuberculous involve- 
ment of the larynx and tracheobronchial tree. During the period of 
treatment, streptomycin was not demonstrable in the blood serum of 
the patients and excretion of streptomycin in the urine was negligible. 
In only 1 instance could streptomycin be detected in the urine of a 
patient who was receiving the agent by nebulization. This patient 

* Vapo-efrin nebulizer. 
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was able to bold her breath for 5 seconds at the time of each inspira- 
tion, and she received 500,000 units of streptomycin in a period of 
24 hours. The 24 hour urine specimen was found to contain 30,000 
units of streptomycin. As was true of the other patients to whom the 
agent was administered by this method, streptomycin could not be 
detected in the blood serum. 

Oral Administration. In connection with certain studies on tlie 
intestinal bacterial flora, a limited number of patients were given 
streptomycin by the oral route. One of us (F. R. H.) has found that 
striking reduction in the number of E. coli, as well as of other organ-, 
isms present in the fecal stream, occurs when patients receive strepto- 
mycin orally. Studies indicate that streptomycin cannot be demon- 
strated in the blood serum when patients receive as much as 500,000 
units of streptomjmin per day by mouth. The substance was admin- 
istered in doses of 125,000 units every 6 hours. Likewise, excretion 
of streptomycin in the urine of 1 such patient was negligible in a period 
of 24 hours. It appears, therefore, that streptomycin is not absorbed 
from the bowel when it is given in the manner described and when 
the total daily dose does not exceed that named. Knowledge of 
whether or not absorption will occur following administration of larger 
doses of streptomycin must await further studies. 

Diffusion and Excretion. Diffusion Into Cerehrosinnal Fhiid. It was 
considered of importance to determine whether or not diffusion of 
streptomycin into the cerebrospinal fluid takes place. Intramuscular 
and subcutaneous injections of varjnng amounts of streptomycin have 
been administered to human beings. The largest single dose admin- 
istered in this studj'^ was 200,000 units. Concentrations in the blood 
serum and in the cerebrospinal fluid were determined at various 
intervals following the injections. In some cases, determinations were 
carried out on blood serum collected L 2 and 3 hours after the 
injection. It is evident, from examination of the data given in Table 3, 
that antibacterial amounts were present in the blood of these patients 
during this entire period. Deteetable amounts of streptomycin were 
not found in cerebrospinal fluid removed 2 and 3 hours after injection. 
It would appear, therefore, that diffusion of streptomycin into the 
cerebrospinal fluid, when given in the amounts stated, does not take 
place readily. On the other hand, large doses given intramuscularly, 
subcutaneously or intravenously, in the presence of meningitis, have 
resulted in diffusion into the cerebrospinal fluid, to yield concentra- 
tions therein approximating one-fifth that in the blood serum of the 
same patients. 

Diffusion Through the Placenta {Placental Transmission). It was 
considered desirable to determine whether or not streptomycin, when 
present in the blood of the mother; passed the placental barrier and 
was, therefore, present in the fetal circulation. In this study varj-ing 
amounts of streptomycin were administered before the time of delivery. 
The interval of time between the last dose and the time of deliverj"^ 
varied from 45 minutes to 2 hours and 35 minutes. In some instances, 
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single injections of streptomycin were carried out and in some instances 
it was possible to give repeated injections before the time of delivery. 
Blood was obtained from the mother at the time of delivery and 
specimens of blood from the umbilical cord were obtained simulta- 
neously. It is evident, from examination of Table 4, that strepto- 
mycin traverses the placenta and is readily available in the fetal 
circulation. The concentration of streptomycin in the blood of the 
umbilical cord appears to vary somewhat, depending on the dose and 
the time which elapses between the last injection and birth. 

Table 4.— Placental Transmission op Streptomycin 

Concentration in blood 



Route of 

Dose 

No. 

Delivery 
(time after 

(units per cc.) 

Method 

Case 

admin. 

(units) 

doses 

dose) 

Maternal 

Cord 

of assay 

1 

Subcut. 

100,000 

1 

1 hr. 30 min. 

6.0 

1.5 

Slide cell 

2 

Subcut. 

100,000 

1 

2 hr. 35 min. 

3.0 

3.0 

Slide cell 

3 

Subcut. 

100,000 

7* 

45 min. 

12.5 

12.5 

Slide cell 

4 

Subcut. 

100,000 

7* 

1 hr. 30 min. 

0.0 

6.0 

Slide cell 





10.5 

0.4 

Cup plate 


* Administered every 2 hours. 


Excretion of Streptomycin in Bile. Studies on the excretion of strep- 
tomycin in bile are incomplete but are sufficient to indicate that the 
material apparently is concentrated and excreted in the bile. The 
results of observations on excretion of streptomycin in bile are shown 
in Table 5. The patient received 100,000 units of streptomycin sub- 
cutaneously every 3 hours for 5 days. Two hours after the first 
injection of 100,000 units of streptomycin, the blood serum contained 
6 units of streptomycin per cc. At this time, the concentration of 
streptomycin in the bile was 12.5 units per ce. The concentrations 
in the bile, on the 2nd and 3rd days of administration of streptomycin, 
were between 3 and 6 units of streptomycin per cc. 

Table 5. — Excretion of STREPTOxn-ciN in Bile* 


Administration of streptomycin 


Route 

Dose every 

3 hr, 
(units) 

Doses 

per 

day 

Day 

Hour after 
6rst dose 

Concentration 
in blood serum 
(unit.s per cc.) 

Concentration 
in bile 

(units per cc.) 

Total 24-hr. 
output in 
bile 
(unit.s) 

Subcut. 

100,000 

S 

1 

2 

G 

12.5 


Subcut. 

100,000 

S 

2 

4 

G 

12.5 

G 

2010 

Subcut. 

100.000 

8 

3 


, . 

3 

960 


♦ Determinations of streptomycin in tlic bile were made by means of tlie slide coll method of assay 


Determination of the quantity of bile and of bile salts excreted in 
24 hours is said to be a reliable test of liver function. It is evident, 
from examination of Table 6, that no serious alteration occurred in 
either of these values during the period when the patient just referred 
to was receiving 800,000 units of streptomycin per 24 hours. It 
should be emphasized tliat these data do not permit conclusions as to 



582 HEILMAN, HEILMAN, HINSHAV?’, NICHOLS, HEERELL: STREPTOMYCIN 


tlie possible effect of streptomj^cin on liver function following long 
periods of administration of the preparation. 

Table 6. — Effect of STHEPTO&nrciN on Volvme of Bile and Weight of 
Bile Salts Excreted* 

Dose of 

streptomycin Bile salts 

per 24 hr. Bile per 24 hr.. 


Day (unite) (cc.) (gm.) 

1 800,000 250 11.25 

2 800,000 250 11.68 

3 800,000 285 9.69 

4 800,000 255 9.51 

5 800,000 315 11.84 


* This is the same case as that represented in Table 5. 

Excretion of Streptomycin in Urine. It is evident that following 
systemic administration of streptomycin, fairly large amounts of the 
material are absorbed into the general circulation and excreted in the 
urine. From one-half to three-fourths of the total amount of strepto- 
mycin administered is usually excreted in the urine during the 1st 
24 hours. High concentrations (as much as 434 units per cc.) may 
on occasion be found in the urine of patients who have received large 
amounts of the material (Table 7). It should be emphasized here 
that tlie cup plate method is the technique of choice for determining 
the presence of streptomycin in the urine. 

Table 7.— Urinary Excretion op Streptomycin* 


Total % 


Case 

Route of 
admin. 

Dose every 

3 hr. 
(unite) 

Doses 

Urine 

Streptomycin 
(unite per co. 
of urine) 

urine 

excreted 

(cc.) 

strepto- 

mycin 

excreted 

1 

I.V. 

100,000 

3 

1st 24 hr. 

120 

2000 

80.0 

2 

I.V. 

100,000 

3 

1st 24 hr. 

126 

1245 

52.3 

3 

I.M. 

100,000 

3 

1st 24 hr. 
2nd 24 hr. 

104 

7.2 

1665 

725 

57.4 

1.7 

4 

l.M. 

100,000 

3 

1st 24 hr. 
2nd 24 hr. 

78.4 

5.6 

2510 

1350 

65. 6 
2.6 

5 

I.M. 

400,000 

3 

1st 24 hr. 
2nd 24 hr. 

137 

0.1 

1850 

2150 

21.1 

1.1 

6 

I.IM. 

400,000 

3 

1st 24 hr. 

137 

1400 

16.7 

7 

I.V. 

400,000 

3 

1st 24 hr. 

434 

1740 

62.9 


* The cup plate method of assay was used. These are the same 7 cases as those represented in 
Table 1. 


Consideration of Toidcity. Initation at the Site of Injection. It has 
been pointed out that local irritation may occur occasionally following 
administration of streptomycin by the intravenous drip method. 
Actual thrombosis rarely has occurred; however, often it is necessary 
to change the site of injection frequently. Pain at the site of sub- 
cutaneous or intramuscular injection also may occur, especially when 
streptomycin of low potency is used. The discomfort is described 
as a burning sensation and usually is of short duration. Neitlier of 
these reactions has been troublesome, nor do the reactions seriously 
interfere with administration of tlie agent. It is exceedingly important 
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that the size of the inoculum be kept as small as possible (no more 
than 2 or 3 cc.). 

Chilh and Fever. On occasions, chills and fever have occurred fol- 
lowing administration of streptomycin. This reaction is not unlike 
reactions encountered in the past in connection with administration of 
penicillin which was not pyrogen-free. More frequently a slight eleva- 
tion of temperature is noted, which is usually not of serious significance. 

Cutaneous Toxic Manifestations. At times generalized fiushing, not 
unlike that seen in association with a histamine reaction, has been 
observed in cases in which relatively impure streptomycin has been 
administered. Likewise, dermatitis (toxic erythema) and cutaneous 
eruptions of an urticarial type have occurred following administration 
of streptomycin as it is available at present for clinical use. Although 
administration of streptomycin may be continued in the presence of 
these cutaneous eruptions, it is exceedingly important to remember 
that severe dermatitis may result. 

Joint Pain. Several patients wdio received streptomycin complained 
of severe pain in the joints and muscles of the extremities. Such 
patients usually exhibited fever and other evidences of intolerance for 
the substance. 

Nausea. A few patients who received streptomycin, and who 
exliibited one or more of the aforementioned reactions, complained of 
nausea and, on occasions, they had vomited. 

Effects on Renal Fxmciion. All patients who received streptomycin 
were carefully studied with regard to possible impairment of renal 
function. Determinations of blood urea have been made frequently 
on all patients who have received the substance. In no instance has 
there been any evidence of rising concentrations of blood urea. Like- 
wise, in some instances, urea clearance tests have failed to reveal any 
significant change; in fact, as much as 150,000,000 units of fairly 
potent streptomycin has been administered, over a period of 42 days, 
to a single patient who had solitary kidney (average daily dose approxi- 
mately 3,500,000 units) without evidence of interference with renal 
function. 

On the otlier hand, repeated large doses of streptomycin at times 
have been followed by evidence of renal irritation. For example, in 
Case 7 (Table 1) the patient received 400,000 units of streptomycin 
intravenously everj^ 3 hours for 3 doses. Albuminuria and micro- 
scopic hematuria developed; however, no evidence of permanent 
renal damage followed cessation of administration of the substance. 
This amount (3,200,000 units per day) is in excess of the average 
contemplated daily therapeutic dose. 

Effect on Liver Function. As was suggested in an earlier paragraph, 
at the time this report was written, no conclusive evidence had been 
presented of interference with hepatic function following the use of 
streptomycin in amounts reported in this paper. 

Effect on the Hemohjtopoietic System. In all cases concerned in the 
present report, determinations of the hemoglobin content of the blood 
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were made frequently and erjdlirocyte, leukocyte and differential blood 
counts were made before, during and after administration of strepto- 
mycin. Likewise, blood smears were examined frequently for evidence 
of any morphologic change after short or prolonged treatment with 
streptomycin.- In no instance has any effect been noted which could 
be attributed to the preparation. 

Summary. The antibiotic substance, streptomycin, has been admin- 
istered to a munber of human beings in amounts which could, on a 
theoretic basis, be regarded as therapeuticallj^ effective. The number 
of patients concerned in the study is onty partiallj’- represented by the 
30 patients accounted for in the tables which accompany the paper. 
Approximately 10 others are referred to in the text. The material can 
be administered intravenously, intramuscularly or subcutaneously. 
The substance also can be administered by the intrathecal route, by 
nebulization or by the oral route. It would appear that if intermittent 
methods of parenteral administration are to be used, the substance 
should be administered at least every 3 or 4 hours in a manner similar 
to that which has been employed for administration of another anti- 
biotic agent, penicillin. 

It appears that diffusion of streptomycin into the cerebrospinal fluid 
does not readily take place unless large doses are administered. On 
the other hand, following parenteral administration, streptomycin is 
readily absorbed into the general circulation and is excreted for the 
most part in the urine. From the studies reported herein, it appears 
that diffusion of streptomycin through the placenta takes place and 
that streptomycin is available in the fetal circulation. Streptomycin 
also appears to be concentrated and excreted in the bile. 

Serious and uncontrollable toxic reactions have not been encountered 
following administration of fairly large amounts of streptomycin in 
single or repeated injections. In some instances, streptomycin has 
been administered to patients for a considerable time without evidence 
of toxic reactions. 
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The inhibition of the antibacterial action of the sulfonamide drugs 
by procaine (“novocaine”)r the most widely used of the local anesthet- 
ics, has been clearly demonstrated by Peterson and Finland,® who 
summarized the earlier literature in their report. Procaine, an ester 
of p-aminobenzoic acid, can be hydrolyzed, with liberation of free 
p-aminobenzoic acid, by esterases present in human tissues.® Thus the 
mechanism of inhibition of sulfonamides by procaine can be attributed 
to its structural similarity to a "naturaP' antagonist, p-aminobenzoic 
acid, and in all probability to the p-aminobenzoic acid actually formed 
by hydrolysis of procaine. 

Keltch, Baker, Krahl and Clowes- found that 5 ’other esters of 
p-aminobenzoic acid whicli had local anesthetic properties were inliibi- 
tory to sulfonamide bacteriostasis. The same authors reported that 
another group of local anesthetics which were not esters of p-amino- 
benzoic acid or of substituted p-aminobenzoic acids, had no inliibitorj^ 
effect. Winkler^ similarly found inliibition by 3 esters of p-amino- 
benzoic acid, and no inhibition by a local anesthetic which was a 
quinoline derivative with no p-aminobenzoyl group. 

At the request of Dr. C. W. Sondern, of the White Laboratories, 
Inc., certain substances with proved or putative local anesthetic action 
were studied by us with regard to their activity as sulfonamide-antag- 
onists. Other substances, including many of those reported by the 
above-mentioned authors, were simultaneously investigated to serve 
as controls. The present report deals with tliese local anesthetics and 
other substances. We have repeated, in most cases confirmed, and in 
some cases e.Ntended the work of other investigators, and in addition 
presented data on a few substances not previously studied. 

j\I-aminobenzenesulfonamide has no activity against microorgan- 
isms comparable to that of sulfanilamide. This is in accordance with 
a hypothesis proposed by Ivumler and Halverstadt® based upon the 
possible existence of resonance isomers of sulfanilamide whicli are 
impossible with the meta configuration. On purely theoretical grounds 
it would not be ex]iectcd that either o-aminobenzoic acid or m-amino- 
benzoic acid would act in a manner comparable with p-aminobenzoic 
acid in regard to inhibition of the sulfonamides. Landy and Wyeno-* 
reported no antisulfanilamide action demonstrable with either the 
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ortho or the xneta isomer. Bemgno,i however, is reported in an 
abstract of a paper published in 1943 to have stated that the actions 
of-o- and m-aminobenzoic acids are similar to that of p-aminobenzoic 
acid but much weaker. Therefore, these substances, and certain 
local anesthetics derived from one of them, were consequently included 
in our study. 


Methods of Investigation. Our procedure was based upon the method used 
by Peterson and Finland.® Sulfathiazole (0,2 ml, of 0.002 molar solution) 
was mixed with equine blood (0.5 ml.) and a suspension (0.1 ml.) of a known 
number of organisms (hemolytic streptococcus, N.Y.S strain, or in a few 
experiments pneumococcus Type III). To this was added the local anesthetic 
or other drug under investigation in known molar concentration and in a 
volume of 0.1 ml. Under these conditions the molar ratio’ of sulfathiazole 
to "inhibitor” could easily be calculated. 

The only unmeuvsured variable in this system was the amount of inhibiting 
substances in the blood. To control this doubtful factor, each experimental 
run was accompanied by control runs, using an equal number of tubes con- 
taining blood and organisms alone, and an equal number containing blood, 
organisms, and sulfathiazole. Volumes u^ere kept consistently at 0.9 ml. 
total by the addition of sterile saline solution. Blood was used in all experi- 
ments, again following the example of Peterson and Finland,® since its presence 
provides a closer approximation to conditions m vivo, and since it serves as a 
quick indicator of bacterial growth. Incubation was carried on for 48-bour 
periods at 37° C., with mechanical rocking replacing the rotating drum of 
Peterson and Finland. Because of mechanical diflficulties, all experiments 
were not rocked for the full time. No changes in results could be attributed 
to this change in technique. All negative or doubtful tubes were subcultured. 
Organisms were grown and diluted in tryptic digest broth. 

A typical experiment is sho^vn in Table 1. The significant observations to 


Table 1.— Results of a Ttpicai. Expekiment Showing Minimal Inoculum Sur- 
viving With Sulfathiazole Alone an» With an Inhibiting and 
Non-inhibiting Local Anesthetic 


Logarithm of total initial number of organisms 
(hemolytic streptococci, N.Y.S Btram) 


Control 

Sulfathiazole, 4.4 X IO"< M . 

Sulfathiazole plus procaine-HCI. 1.1 x 10“ M.* 
Sulfathiazole plus procaine-HCI. 1.1 x 10 M.t 
Sulfathiazole plus benzyl alcohol, 1.1 x 10_ M.* 
Sulfathiazole plus benzyl alcohol, 1.1 x 10“^ M.f 


G 

5 

4 

3 

2 

1 

-h 

+ 

+ 

+ 

0 

0 

+ 

+ 

0 

0 

0 

0 

+ 

+ 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

0 

0 

+ 

+ 

0 

0 

0 

0 

+ 

+ 

0 

0 

0 

0 


-f = growth in 4S'hour subculture. 0 = 48-hour subculture sterile. 
* Molar ratio, 0.4. 
f Molar ratio, 4. 


be made are: (1) the logarithm of the number of organisms in the smallest 
inoculum (log h'UT) surviving in the control tubes, which contain blood and 
broth alone; (2) the logarithm of the minimal viable inoculum in the tubes 
containing sulfathiazole in addition to blood and broth; and (3) the logarithm 
of the minimal wable inoculum in e.xperimental tubes containing blood and 
broth, sulfathiazole and the substance under test for inhibiting effect; The 
difference (2) minus (3) gives us the logarithm of the ratio MVI for sulfathia- 
zole/h'UT for sulfathiazole plus inhibitor. The magnitude of this difference 
is a rough measure of inhibitorj" action and maj-^ be considered an "index of 
inhibition.” _ If this is positive, it indicates inhibition; if it is zero, it indicates 
no effect; if it is negative, it indicates additional bacteriostatic or bactericidal 
effect. 
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Results. In several experiments the inhibitory action of procaine 
was compared with that of p-aminobenzoic acid. If concentrations 
are figured in terms of molarity, there is no quantitative difference 
between the inhibitorj^ effect of the free acid and of the ester. A 
typical experiment is shown in Table 2. 

Table 2. — Restilts of a Typical Expekiment Showing Agbeement in Inhibitory 
Effect Bettveen Equimolar Concentrations of Procaine 
and of p-Aminobeneoic Acid 

Logarithm of total initial number of organisms 
(pneumococci Type III) 



6.1 

5.1 

4.1 

3.1 

2,1 

Control 

+ 

4“ 

+ 

+ 

+ 

Sulfathiazole, 4.4 x 10~* M 

+ 

4- 

4" 

0 

0 

Sulfathiazole plus p-aminobenzoic acid, 1.1 x 






10-5 M.* , . 

4* 

+ 

+ 

+ 

+ 

Sulfathiazole plus procaine-HCl, 1.1 x lO”® M.* 

4- 

+ 

+ 

+ 

+ 


* Molar ratio, 40. 


The experiment in Table 2 and a few preliminary experiments were 
done with Type III pneumococcus as the test organism, following the 
example of Peterson and Finland.* For the main experimental series 
Group A hemolytic streptococcus became the organism of choice, since 
it offered fewer cultural difficulties. All experiments with hemolytic 
streptococci are summarized in Table 3. 


Table 3.— Indices of Inhibition of All Substances Tested Against Sulfathiazole 
Using Hemolytic Streptococcus, N.Y.5 Strain, as Test Organism 


Substance 

p-aminobenzoic acid* .... 

Procaine* ’ 

o-aminobenzoic acid* .... 
m-aminobenzoic acid* .... 
Orthoform . . . ' . 

3-amino-4-hydroxypropylbenzoate 
3-amino-4-hydroxybenzoic acid . 

Alypin* 

Apothesine* 

Benzyl alcohol 

Cocaine* 

Diothane* 

Metycaine* 

Nupercaine* 

Phenacaine* 

Tetracaine* 


hlolar ratio (sulfathinzole/inhibitor) 


400 40 

1 2 

2 


0 

d 

0 

0 

0 

0 

0 

-1 

-1 

0 


4 0.4 


2 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 -1 

0 0 

-1 -1 

-1 -1 

0 0 


* The starred substances hav 


e been previously studied and reported by other investi- 


gators. They are included_here in agreement with the previous reports.’’^''’® 


The results outlined in Table 3 confirm the results of previous investi- 
gators in the following respects: (1) p-aminobenzoic acid and its ester 
procaine show definite evidence of inhibition; (2) local anesthetics 
which are not esters of p-aminobenzoic acid show no such inliibition; 
(3) tetracaine, an ester of p-butylaminobenzoic, shows no inhibition. 

Benigno,| in an article which we have seen only in abstract, claims 
a weak antisulfonamide action for o- and m-aminobenzoic acid. This 
is not confirmed by our work. Three derivatives of m-aminobenzoic 
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acid (orthoform N.N.R., which is S-amino-d-hydroxjfinethylbenzoate, 
also 3-amino-4-hydroxj^propyIbenzoate, and 3-amino-4-hydrox7benzoic 
acid) were also found to be without inhibitory action against sulfa- 
thiazole. 

Certain of the local anesthetics studied show not only no inhibitory 
effect against the sulfonamide, but an actual additional antibacterial 
effect. This was true of nupercaine and phenacaine, and to a less 
degree of diothane. 

Summary. 1. The inhibitory effect of procaine has been found 
exactly comparable, mol for mol, with that of p-aminobenzoic acid 
upon sulfathiazole. 

2. 0-aminobenzoic acid and m-aminobenzoic acid are without in- 
hibitory effect upon sulfathiazole. 

3. Three derivatives of m-aminobenzoic acid (3-amino-4-hydroxy- 
methylbenzoate (orthoform, N.N.R.), S-amino-Thydroxj'propylben- 
zoate, and 3-amino-4-hydroxj'benzoic acid) are likewise without inhibi- 
tory effect. 

4. The work of previous investigators demonstrating no antisul- 
fonamide action of local anesthetics other than the derivatives of 
p-aminobenzoic acid is confirmed. 
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THE PENETRATION OF PENICILLIN INTO JOINT FLUID 
FOLLOWING INTRAMUSCULAR ADMINISTRATION 

By Capt. Victor G. Balboni, M.C., A.U.S. 

I.ST Lieut. Ibving M. Shapiro, Sn.C., A.U.S. 

AND 

Major David M. Kydd, M.C., A.U.S. 

ASBBOBN general hospital, MC KINNEY, TEXAS 

Penicillin administered to man by the intramuscular, intravenous 
or subcutaneous routes has been shown to appear rapidly in the blood 
serum, to appear in the bile in higher concentrations than in the serum 
and to be e.Ycreted in the urine.^-”-'- It is not found in detectable 
amounts in the saliva, nor in the normal spinal fluid, “ but is present 
in the spinal fluid when the meninges are inflamed.® Penicillin has 
been detected in low concentration in the red cells," lachrymal secre- 
tions," and even to a mmimal extent tlmoughout the tissues of the 
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eyeball excepting the ocular lens“-'® Earlier studies^-” have not 
clarified the extent to which penicillin is transferred to the sjTiovial 
fluid. This has resulted in some doubt as to whether following sys- 
temic administration a sufficient amount of penicillin would reach the 
joint fluid to be effective in the treatment of the purulent arthritides. 
However, clinical observations by both Herrell*-® and by Dawson® 
indicate that effective antibacterial amounts of penicillin may be 
obtained in joint fluid by systemic administration despite the equivocal 
observations of Linner,'® Robinson,’^ and Anderson.^ 

The findings of Herrell®-® and of Dawson® are of considerable impor- 
tance for though the local instillation of penicillin into a joint lends 
itself readilj’’ to the treatment of a purulent arthritis of one of the 
larger joints, it is less applicable where one or more small joints are 
affected. The present study was undertaken to define more clearlj'^ 
the extent to which penicillin administered intramuscularly pene- 
trates into joint fluid. 

Seven patients with hydrarthrosis affecting one or more joints were 
studied: 5 of the patients had typical rheumatoid arthritis and 2 an 
atypical disease which was probably rheumatoid arthritis. In Case 4 
alone was the joint studied severely inflamed. Cases 1, 2, 5 and 6 
received 25,000 units of penicillin in 2.5 ml. of normal saline intra- 
muscularly every 3 hours. Cases 3, 4 and 7 received 40,000 units. 

In each instance samples of serum and joint fluid were obtained 
simultaneously |, 1, 2 and 3 hours after the subject had received the 
8th dose of penicillin. In 4 instances, Cases 2, 3, 5 and 6, samples 
were obtained 3 hours after the 16th dose and in Case 3 additional 
material was obtained 3 hours after the 24th dose. 

Methods, The concentrations of penicillin in both the blood sera and the 
joint fluids were determined bj' the cup assay method as modified by Cholden.® 
The diameter of each cup was 9 mm. Slaphylococcus aureus which was sensi- 
tive to 0.016 units of penicillin per ml. was used as the test organism. It was 
grown in nutrient broth for 18 hours and then 0.1 ml. was inoculated into 
20 ml. of melted nutrient agar and plates were poured. The undiluted synov- 
ial fluids and blood sera were delivered in 0.1 ml. amounts into the cups, and 
after incubation at 37° C. for 18 to 24 hours the areas of inhibition of growth 
were measured. As suggested by Foster and Woodruff' a standard penicillin 
curve was determined -vsith each day’s experiment, and the amount of penic- 
illin present in the sera and joint fluids interpolated from this curve. 

Results (See Table 1). In all cases penicillin was found to penetrate 
readily into the joint fluids resulting in essentially equal amounts of 
penicillin in tlie joint fluid and blood serum 1 hour after its administra- 
tion. As previous investigators have shown^‘ the serum concentrations 
fell rapidly after 1 liour and at the end of 3 hours little or no penicillin 
was detectable in the serum. However, our results show that in the 
joint fluids the concentration of penicillin decreases more slowly, and 
that there are appreciable amounts of penicillin present in the joint 
fluid 3 hours after its administration. This slow loss of penicillin 
from joint fluid is in agreement with the work of Rammelkamp and 
Keefer^i who detected penicillin in joint fluid 13 hours after penicillin 
was injected directly into the joint. Though penicillin disappears 
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from the joint fluid more slowly than from blood serum, it does not 
accumulate. This is shown in Table 1 by the concentrations found 
in the joint fluid after the 2nd day of penicillin administration and 
in 1 instance after the 3rd day. 


Table 1. — Penicillin in Blood Serum and Joint Fluid 


Case 

Wt. 

Dose 

I.M. 


W.B.C. 

joint 

(fluid) 

Penicillin 

(units/ml.) 


Ist day 


2nd 

day 

3 hr. 

3rd 
day 
3 hr. 

No. 

(lb.) 

(units) 

Joint 

i hr. 

1 hr. 

2 hr. 

3 hr. ' 

1 

150 

25,000 

Knee 

10,000 

Blood Berum 
Joint fluid 

0.24 

0.24 

0.20 

0.15 

0.05 

0.10 

0.0 

0.05 



2 

165 

25,000 

Knee 

2,500 

Blood serum 
Joint fluid 

0.20 

0.20 

0.10 

0.20 

0.0 

0.05 

0.0 

0.0 

0.07 


3 

170 

40,000 

Knee 

5,000 

Blood serum 
Joint fluid 

0.27 

0.24 

0.20 

0.24 

0.12 

0.20 

0.05 

0.14 

0.14 

0.14 

4 

177 

40,000 

Ankle 

6,500 

Blood serum 
Joint fluid 


0.40 

0.30 

O.IO 

0.15 

0.0 

0.05 



5 

134 

25,000 

Knee 

2,300 

Blood scrum 
Joint fluid 

0.30 

0.20 

0.27 

0.22 

0.17 

0.22 

0.05 

0.17 

0.15 


6 

110 

25,000 

Knee 

10,000 

Blood scrum 
Joint fluid 

0.30 

0.17 

0.20 

0.20 

0.12 

0.20 

0.05 

0.15 

0.15 


7 

214 

40,000 

ICnee 

5,000 

Blood serum 
Joint fluid 

0.22 

0.17 

0.19 

0.19 

0.12 

0.15 

0.05 

0.13 




Rammelkamp and Keefer*^ have shown that a marked antibacterial 
effect against Staphylococciis aureus is obtained in whole blood and 
serum with concentrations of 0.039 and 0.156 Florey units of penicillin 
per ml. Hemolytic streptococci, pneumococci, meningococci and 
gonococci are generally considered more sensitive to penicillin than 
S. aureus.'^'^'^ The joint fluid of the cases studied 1 hour after adminis- 
tration of penicillm showed amounts of penicillin varying from 0.15 
to 0.24 units per ml., levels well within the antibacterial level for 
staphylococci. The 3 hour determinations of 6 of the 7 joint fluids 
contained 0.05 to 0.17 units per ml., amounts still in the lower range 
of antibacterial activity for staphylococci. Thus our findings indi- 
cate that amounts of penicillin which are antibacterial for the common 
pathogens invading joints are obtained in the synovial fluid by the 
intramuscular administration of penicillin in the doses discussed. 

Summary. 1. Penicillin was administered intramuscularly to 7 cases 
of hydrarthrosis. Concomitant blood serum and joint fluid penicillin 
assays were determined at 1, 2 and 3 hour intervals. 

2. Penicillin when administered intramuscularly in 25,000 and 
40,000 unit doses at 3 hour intervals was found to penetrate rapidly 
into joint fluid and attain levels comparable with those attained in 
blood serum. 

3. Maximum antibacterial quantities of penicillin were found to 
persist longer in the joint fluid than in the blood serum. 

4. Penicillin did not tend to accumulate in joint fluid. 

REFERENCES 

1. Abraham, E. P., Chain, E., Fletcher, C. M., Gardner, A. D., Hbatlby, 
N. G., Jennings, M. A., and Florey, H. W.: Further Observations on Penicillin, 
Lancet, 2, 177, 1941. 

2. Anderson, D. G.; Penicillin, Bull. Now England Med. Center, 6, 145, 1944. 

3. Choldbn, L. S.: A Simplified Technique for Agar Cup Assay of Penicillin, J. 
Bact., 47. 402, 1944. 



DEEYFUSS, ROTH: TYPHOH) BAGILLHRIA AND HROLITHIASIS 591 

4. CoMEOE, B. I.: Arthritis and Allied Conditions, Philadelphia, Lea & Febiger, 
p. 1250, 1944. 

6. Cooke, J. V., and Goedbing, D.: The Concentration of Penicillin in Various 
Body Fluids During Penicillin Therapy, J. Am. Med. Assn., 127, 80, 1945. 

6. Dawson, H. M., and Hobby, G. L.; The Clinical Use of Penicillin; Observations 
in 100 Cases, J. Am. Med. Assn., 124, 611, 1944. 

7. Fosteb, j. W., and Woodruff, H. B.: Microbiological Aspects of Penicillin: 
VI. Procedure for the Cup Assay for Penicillin, J. Bact., 47, 43, 1944.^ 

8. Herrell, W. E., Nichols. D. R., and Heilxlan, D. H.: Penicillin: Its Useful- 
ness, Limitations, Diffusion and Detection With Analysis of 150 Cases in Which It Was 
Employed, J. Am. Med. Assn., 125, 1003, 1944. 

9. Herrell, W. B.: Penicillin and Other Antibiotic Agents, Philadelphia, Saunders, 
p. 77, 1945. 

10. Linker, J. H.: Suppurative Myositis and Purulent Arthritis Complicating Acute 
Gonorrhea; Report of a Case, .T. Am. Med. Assn., 123, 757, 1943. 

11. Rammelkamp, C. H., and Keefer, C. S.: The Absorption, Excretion and Dis- 
tribution of Penicillin, J. Clin. Invest., 22, 425, 1943. 

12. Ramjielkamp, C. H., and Helm, J. D., Jr.: Excretion of Penicillin in Bile, Proc. 
Soc. Exp. Biol, and Med., 54, 31, 1943. 

13. Rammelkamp, C. H., and Keefer, C. S.: Penicillin: Its Antibacterial Effect in 
Whole Blood and Serum for the Hemolytic Streptococcus and Staphylococcus Aureus, 
J. Clin. Invest., 22, 649, 1943. 

14. Robinson, J. N.: Discussions on Penicillin, Brit. Med. 3., 2, 655, 1943. 

15. Struble, G. C., and Bellows, J. G.: Studies on the Distribution of Penicillin 
in the Eye and Its Clinical Application, J. Am. Med. Assn., 125, 685, 1944. 

16. Von Sollman, L., and Meyer, K.: Penetration of Penicillin Into the Eye, Arch. 
Ophth., 31, 1. 1944. 


TYPHOID BACHiURIA AND UROUTHIASIS 
By F. Dreyfuss, M.D. 

ASSISTANT IN MEDICINE 
AND 

J. Roth, M.D. 

assistant in pediatrics 
JERUSALEM, PALESTINE 

(From the Department of Medicine A nnd the Department of Pediatrics B of the 
Hadassah-Rothschild-University-Hospital) 

The conditions under which an individual becomes a carrier of 
typhoid bacilli present considerable interest from a clinical as. well as 
from an epidemiologic point of view. Excretion of tjrphoid bacilli in 
the stools is usually caused by specific infection of the bile passages 
where the bacillus thrives as in a culture medium. This process is 
particularlj'’ apt to occur in patients whose bile passages are in a state 
of functional or anatomic impairment following previous disease. 

Transient bacilluria is a common event in typhoid fever and, when 
carefully looked for, is detected in between 20 to 50% of cases (Schott- 
mueller,® Young^). Persistent urine carriers, however, are said to be 
considerably rarer than stool carriers, their percentage amounting to 
a few tenths of 1% up to 3% of convalescents, according to different 
statistics. In the case of these urinary carriers the determining fac- 
tors of persistent bacillvu-ia are a matter of conjecture. 

It is not within the scope of this communication to review the 
urologic complications described in typhoid fever. Observations 
about patliologic conditions of the urinarj^ tract connected with 
tj-phoid bacilluria are particularly scarce. Young,^ Harries' and asso- 
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ciates mention occasional suppuration of the kidneys due to B. typhosus. 
Even cystopyelitis is usually regarded as an uncommon complication. 
We were able to find only one reference to the simultaneous occur- 
rence of nephrolithiasis and tj^ihoid bacilluria: C. Hirsch* quotes 
Krause, who saw among 24,500 typhoid convalescents during several 
years 0.2 to 3.3 % urine carriers and simply mentions 5 cases of neplno- 
lithiasis among them. 

According to the experience of urologic practice dealing with urinary 
infections and urolithiasis the finding of typhoid bacilli in the urine 
together with a stone seems to be very rare. The statistics of H. L. 
Harrington,^ for instance, do not mention a single case of typhoid 
infection among 480 cases of urolithiasis. 

Within years, 4 cases of urolithiasis together with typhoid 
bacilluria have been observed in the Medical Dept. A. and the Pediatric 
Dept. B. of our hospital. Their case histories are presented with the 
view of contributing material to the solution of the carrier problem. 

The procedure for isolation of typhoid bacilli from the urine and 
their identification as performed in the Bacteriological Laboratory of 
our hospital (Chief, Dr, Gurewitz) is as follows: The urine is centri- 
fuged and a loopful of the sediment streaked out on a McConkey 
plate. To the remaining sediment 5 cc. of ox bile and nutrient broth 
in equal parts are added. In positive cases a pure culture (grayish, 
transparent colonies) of gram-negative bacilli is obtained after 24 hours. 
A few colonies of this growth are transferred separately into tubes 
containing double-sugar (Russell’s) medium. On this medium typhoid 
bacilli show the following behavior: no gas is formed but slight acidity 
in the butt of the tube is produced. The sugar row used afterwards 
for identification is as follows: acid and no gas from dextrose, maltose 
and mannitol, no acid on lactose; indol not formed. Then an agglu- 
tination test is carried out using an anti-serum of a titer of 1:2000. 

Blood is taken for culture into bile broth and after incubation of 
24 hours a loopful is streaked out on a McConkey plate and the 
procedure described above is followed. 

According to this procedure the typhoid nature of the bacilli in all 
of our cases was established. 

Case Histories. Case 1. A. J., 19 years old, was admitted to the Surgical 
Dept. B of this hospital in December 1941. He had a stone in the right ureter 
and another one in the left kidney. He suffered from pain and showed hema- 
turia. His blood pressure was 150/85. A ureterotomy was performed and 
the stone removed (Dr. Kook). Urine culture revealed Staphylococcus aureus 
and B. proteus before and after operation. The stone contained urates, phos- 
phates and oxalates. His recovery was delaj'ed briefly by mild and short 
postoperative bronchopneumonia. In February 1942, he returned to us 
because of pain in the left lumbar region. He emphasized even on close ques- 
tioning that he had felt well all the time except for the pain he mentioned, and 
that he bad had no fever since lea\Tng the hospital. Urine analysis showed 
1 to 2 eiythrocytes and 80 to 100 leukocytes per high power field. B. typhosus 
was cultured from the urine. A second operation was performed and a stone 
was removed from the left kidney (Dr. Kook). Typhoid bacilli were cultured 
from within this stone. The temperature rose to 40° one day after operation; 
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high fever lasted for 11 days accompanied by relative bradycardia until the 
temperature finally dropped by lysis. His consciousness was slightly impaired, 
his tongue was heavily coated. He had the appearance of a patient sick with 
typhoid. The Widal reaction was positive 1 day after operation, but the 
organism was not cultured from the blood or stool, whereas urine cultures 
were always positive during his stay in the hospital. Pyuria persisted, B. pro- 
tetis and B. pyocyaneus also being found in the urine. A dose of 24.5 gm. of 
sulfapyridine was of no avail. He remained under observation of the medical 
clinic and although he felt well all the time, urine cultures remained positive. 
Mandelic acid was administered following the suggestion of Kleeberg^’® who 
successfully used this material in a number of typhoid cases; two courses failed, 
however, to rid him from the infection. In June 1943, pain in the left lumbar 
region reappeared and reached the intensity of colics accompanied by fever. 
On admission to the Medical Dept., the Widal agglutination test showed a 
titer of 1 : 1000 for B. typhosiis and 1 : 200 for B. gaertner. The urine contained 
many red and a few white cells and although a Roentgen picture failed to 
reveal a stone, its presence was clinically almost certain. The urine showed 
again a heavy growth of B. typhosus, this finding being positive also in speci- 
mens taken separately from both ureters. After cystoscopy his temperature 
rose to 40° for 4 days accompanied again by bradycardia and leukopenia. 
He received 25 gm. of sulfapyridine, which finally cleared the infection, a 
result which since then has been verified several times. 

Case 2. A. Ch., 36 years old, -was admitted to the Medical Dept. A, in 
June 1942, on the 11th day of his disease. He was ill mth typhoid fever of a 
fairly severe form but not very toxic in character. Blood cultures were posi- 
tive several times. Fever did not drop for several months. Because of this 
unusually prolonged fever a thorough clinical, laboratory and Roentgen ray 
examinations were performed. Besides a mild and short bronchopneumonia 
no focus of infection was revealed. It must be stressed that the findings of 
urine examinations and cultures were negative. On August 21, for the first 
time, many leukocytes and a few erythrocytes were found in the urine and 
this finding persisted for about 1 month after which period examinations 
became negative. On October 18, an intravenous pyelography was per- 
formed and a small stone in the middle third of the left ureter as well as dila- 
tation of the urinary passages above the stone were detected. On October 19, 
B. typhosus was cultured from a urine specimen for the first time, on the 26th 
the patient had a typical left side renal cohc. The patient who had been 
carefullj’^ questioned several times only then recalled that about 1 year earlier 
be had had a similar attack. He was not able to remember on which side — 
but remembered to have been advised by his physician to have a Roentgen 
ray taken, a stone being suspected. He had disregarded this advice and 
neglected the matter. Simultaneously with the attack mentioned above, his 
temperature now rose to 40°. On October 25, the stone was removed from the 
left ureter (Dr. Ehrhck). The urine remained infected by typhoid bacilli for 
more than at least 1 month, until he finally left the hospital. Both mandelic 
acid and sulfapj'ridine administered in several series failed to influence the 
typhoid fever and mandelic acid did not succeed to clear his urine after the 
operation. To surn up, in this case of typhoid a stone in the ureter apparently 
e.xisted before specific bacilluria started. 

Case 3. L. K. K., a boy, 8 years old, was admitted to Pediatric Dept. B 
on April 21, 1941, in a severe general condition, following a febrile disease of 
10 days duration. The diagnosis was typhoid fever complicated by otitis 
media. The urine was normal. No particular treatment was administered 
and on the 30th day of his disease the temperature dropped to normal. Ten 
days later, the boy was sent home, no cultures of the urine ha-^dng been made. 

^ About i- year later the patient was brought to the oul^patient clinic, showing 
signs of balanitis and paraphimosis. The reason for this balanitis was seen 
m a paraurethritis and for further investigation the boy was transferred to the 
skin clinic. Since the local condition was not improved and no reason for its 
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persistence could be detected, the patient was again admitted to the Pediatric 
bervice.^ This time many leukocytes were found in the urine, in the first as 
well as in the second portion, and B. iypliostis was cultured from the urine. 
In pus from the paraurethra, streptococci were found. An attempt to influence 
the balanitis by sulfonamide medication was unsuccessful. When searching 
for the reason of pyuria and typhoid bacilluria, Roentgen ray examination 
revealed an “ausguss” stone in the left kidney pelvis and dilated calices. 
During his stay in the hospital subfebrile temperatures were frequent and urine 
cultures always showed growth of B. typhosus. A severe pyodermia and 
eczema of the head and face made surreal intervention inadvisable at least 
for a certain time, and only after his skin infection had cleared up, a nephro- 
lithotomy was performed (Dr. E. Joseph). The patient ran a febrile course 
for the first 10 postoperative daj's. During the early postoperative period 
typhoid baciUi disappeared from the urine but after a few days urine cultures 
became positive again. _ Mandelic acid, in a 6 gm. daily dose given for 12 days, 
did not clear the infection. The boy finally left the hospital in a good condi- 
tion, but still showing pyuria excreting typhoid bacilli. 

In this case B. typhosus was found 6 months after the final stage of typhoid 
fever. The urologic examination perWmed because of pyuria and bacilluria 
revealed nephrolithiasis. 

Case 4. Y. N., a boy, 11 J years of age, was admitted to the Pediatric Dept. 
B. on Dec. 18, 1942, because of high fever which was diagnosed as typhoid. 
The urine was normal. He received treatment by autohemoinjections follow- 
ing a method introduced by Dr. E. Rabinovitz. On the 13th day of the 
disease his temperature dropped to normal. Ten da 3 's later the temperature 
rose again, this time showing an irregular course of a character not usually 
observed in recurrences of typhoid. His temperature finally became sub- 
febrile. The only abnormal findings in this period were_ pyuria and urine 
cultures positive for B. typhosus. Stool cultures were negative. On Roentgen 
ray examination of the urinary tract a large “ausguss" stone was found in the 
right kidney pelvis and a smaller one in the right ureter. During cystoscopy 
urine specimens were separately taken from both ureters for bacteriologic 
examination. Only the specimen taken from the right, i. e., stone carrying 
side, showed B. typhosus. The boy’s blood pressure was 125/80 at that time, 
a blood pressure definitely too high for this age. It was decided to remove the 
stone from the ureter first and this operation was performed (Dr. E. Joseph). 
BTien recovering from this operation, the boy fell ill with a severe and stub- 
born pyodermia. His blood pressure, incidentally, rose to 135/90. Wlien the 
boy recovered at last from the skin complication the removal of the stone 
from the kidney was decided upon. But, on opening the lumbar region a big 
paranephritic abscess was cut open and the operative procedure was brought 
to an end by draining this abscess; when the wound cavity finally closed, the 
child had to be sent for convalescence because of his bad general condition. 
In this case urolithiasis and typhoid bacilluria persisted a few days after the 
fever had dropped. To our regret and in spite of our efforts we did not 
succeed in getting in touch with these 2 boys for follow-up examination. 

A definite relation between bacilluria in general and pathologic 
conditions of the urinary tract exists. Heavy and prolonged excretion 
of bacilli in the urine may produce at least tw^o urologic disease condi- 
tions— -acute or chronic inflammation and development of stones, 
the resulting cystopyelitis is in itself a contributary factor for the 
formation of stones. On the other hand, stones similar to other 
disturbances of the urinary flow tend to maintain infections otherwise 
probably transient in character. 

In the 2 adult cases lithiasis most probablj" existed before the 
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typhoid infection. It seems evident that a causal relationship exists 
between prolonged bacilluria and lithiasis. The particular conditions 
which are produced by stones in the urinary tract (urostasis, cysto- 
pyelitis) tend to prolong a temporary excretion of bacilli, in itself so 
frequent in typhoid, to a continuous bacilluria, a mechanism which 
is generally recognized as operative in urinary infections. As for the 
2 children the circumstances are less clear. With both of them, 
lithiasis was diagnosed after their having recovered from typhoid. 
In both cases the stones showed the typical shape of an “ausguss” 
stone, as commonly found complicating urinary infections. It is also 
known that such a stone sometimes needs only a short time for its 
formation. We have seen cases, in septicemia, where a stone of this 
type developed within 2 weeks. Moreover, when we take into con- 
sideration the comparative rarity of urinary calculi in children it seems 
probable that those stones were formed in consequence of an acute 
infection by typhoid bacilli. We are, of course, not able to deny 
definitely their existence prior to the typhoid fever since urologic and 
anamnestic data are lacking for the period anteceding typhoid. 

We believe that urinary calculi may condition a prolonged typhoid 
bacilluria, or, if formed as the result of the bacilluria, may maintain 
it persistently. We consequently think it advisable to perform a 
Roentgen ray examination of the urinary tract in urinary excretion of 
typhoid bacilli. 

Summary. It is pointed out that, whereas the conditions under 
which a patient becomes a permanent excretor of typhoid bacilli from 
the bowels are known to a certain extent, information about urologic 
lesions conditioning typhoid bacilluria is limited. 

Four cases are reported in which typhoid bacilluria coincided with 
urolithiasis : in 2 adult cases urolithiasis existed before the excretion of 
typhoid bacilli; in 2 children, stone formation seemed to follow typhoid 
bacilluria. 

In the light of experience with other infections of the urinary tract 
the relationship between typhoid bacilluria and urolithiasis' is dis- 
cussed and its possible clinical and epidemiologic importance is em- 
phasized. 

Conclusion. From the foregoing it is evident that the relationship 
between urolithiasis and typlioid bacilluria is of clinical and epidemio- 
logic importance. 
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HUMAN INFECTION WITH BACTERIUM NECROPHORUM 

By Capt. I. J. Greenblatt, Sn.C., A.XJ.S.* 

AND 

A. P. Greenblatt 

PITTSBURG, CALIFORNIA. 

(From the Army Service Forces, Camp Stoneman) 

The last decade has seen the general use of anaerobic techniques in 
clinical bacteriology. This has contributed to the isolation and recog- 
nition of organisms which do not grow under the ordinary aerobic 
bacteriologic techniques formerly held to be adequate for clinical 
purposes. Media containing the sulfhydryl compounds (thioglycollic 
acid or its salts, cysteine and so forth) are used today to obtain anae- 
robic conditions. It has been our policy for some years to inoculate 
all material sent to the laboratory for bacteriologic studies into media 
containing thioglycollic acid, as well as the usual standard aerobic 
media. As a result, we were able to isolate and identify B. nccrophomm 
from 3 human cases, an organism which usually is found only in 
domesticated animals. 

Buhler, Seely and Dixon^ have reviewed the literature of B. necro- 
pkorum in man. One case presented by Cunningham^ had pulmonary 
involvement, but the organism was identified after postmortem exami- 
nation. Shaw and Bigger® reported the isolation of B. necrophonm 
from the sputum of a male Negro with a lung abscess, who made an 
uneventful recovery after surgical intervention. 

Pack and his co-workers® have reported the largest series of cases 
of infection with B. necrophonan in man. Their criteria of identifica- 
tion was similar to that of Orcutt^ who studied the organisms obtained 
from infected domesticated animals. 

Case Reports. Case 1. M. J. L., white, 37 year old male, admitted with 
history of chills, fever, and a productive cough present for 6 days prior to 
admission. Past history was entirely negative and there was no contact with 
animals. He complained of a sharp pain on the right chest wall extending 
back to the right scapula. Physical examination showed a well-developed, 
alert subject vdth a foul breath. Moist crackling rales were heard at the 
right base. The temperature was 38.8° C. Roentgen ray findings suggested 
a possible lung abscess. Laboratory examinations were negative except for a 
leukocytosis (16,400 per c.mm., 84% neutrophils) and a foul smelling sputum 
having a butyric acid-like odor. The aerobic culture revealed little of sig- 
nificance. Anaerobically, a pleomorphic, long-branched and occasionally fila- 
mentous organism was isolated. It failed to grow aerobically and on 2 occa- 
sions the organism was lost on transplants. It fermented glucose, maltose and 
le\mlose. Gelatin was not liquefied. Indole was obtained from tryptophane 
broth. A green zone appeared at the end of 10 hours around each colony 
when exposed to air after anaerobic incubation for 3 days on blood agar plates. 
The organism failed to reduce nitrates and did not produce HjS. A number 
of transplants were required to obtain the organism in pure culture because 

♦ Present address 1280 East ISth Street, Brooklyn 30, N. Y. 
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of an accompanying gamma streptococcus. Regimen of sulfadiazine was 
instituted. Twenty-four gm. over a 4 day period was without effect on 
sputum production or odor. The patient was quite unconffortable and com- 
plained of “ chest” pains. Iodides and arsenicals over a period of next 11 days 
were ineffective. The patient’s temperature remained “ spikey.”_ The Roent- 
gen ray examination after the 13th hospital day showed no improvement. 
Daily sputum amounted to approximately 400 cc. A thoracotomy was per- 
formed on the 19th day after admission and the patient began to improve 
rapidly. He was discharged on the 11th week after surgery. The sera agglu- 
tination as well as complement fixation were positive for B. necraphonm 
7 weeks after discharge from the hospital. A suspension of the organisms in 
1 cc. sahne introduced subcutaneously into 2 rabbits produced the t5^pical 
necrotic lesions characteristic of B. necrophorum infection. 

Case 2. A 22 year old white girl with arrested puhnonai^’^ tuberculosis 
complained of a gradually increasing tenderness in the right axilla for 4 days. 
No history of exposure to animals was given. She was afebrile on admission 
but developed an elevated temperature (38° C.) on the _2nd hospital da3^ 
A fluctuating, tender, walnut-sized mass was felt on palpation. After 3 da3'^s 
on sulfadiazine and hot magnesium sulfate soaks, the abscess was incised. 
About 20 cc. of ill-smelling pus welled out. The abscess was evacuated, 
flushed with 5% sodium sulfadiazine. The wound drained for 6 da3^s and 
then slowly closed without further ado. She was discharged on the 17th da3'' 
after hospitalization. 

Direct smear from the pus showed a small gram-negative, branched organ- 
ism. It was a strict anaerobe and proved to be B. necrophorum. The comple- 
ment fixation test was positive for this organism. Unfortunately no agglutina- 
tion tests were carried out on the serum. However, typical lesions in rabbits 
were produced when the organisms were injected subcutaneousl3^ 

Case 3. A 32 year old white soldier complained of "sore throats” and 
“stuffing of the nose and ears” for 6 months. Palliative treatment was of no 
avail and a month later he reappeared with histor3’’ of pain in the left upper 
jaw. A dark left maxillary sinus was observed on transillumination. The 
patient was afebrile. Routine laborator3’- examination of blood and urine was 
normal. Antral irrigation washed out a foul smelling pus. Bacteriologic 
investigation proved the organism to be B. necrophorum. The soldier had not 
been exposed to animals. Activated zinc peroxide and iodides were without 
effect. Penicillin, locally and parenterally were used. A Caldwell-Luc opera- 
tion was perfonned about G weeks after admission. Patient made an unevent- 
ful recovery. Due to technical difficulties we were unable to do serologic 
examination for the organism. Rabbit inoculations of the cultured organism 
produced characteristic lesions described b3’’ Orcutt.'* 

Summary and Conclusion. 1. The importance of routine anaerobic 
as well as aerobic bacteriologic techniques has been stre.ssed. 

2. Three cases of infection with B. necrophorum are presented. All 
recovered. No histor3" of e.xposure to domestic animals was obtained. 


Wo wish to express our appreciation to Capt. J. H. Hersh, M.C., and to Dr. A. E. 
Evans for permission to use some of the clinical material presented. 
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UNILATERAL DIAPHRAGMATIC FLUTTER 

By Raymond Harris, jM.D. 

AKO 

David Scherf, M.D., F.A.C.P. 

FLOWER AND FIFTH AVENITB HOSPITALS, NEW YORK 

(From the New York Medical College, Metropolitan Hospital Service) 

Disturbances of diaphragmatic motility fall into several categories. 
One group, characterized by clonic contractions of the diaphragm, 
includes singultus and is the most common of all. Another group, less 
common than the first, is produced by tonic contractions of the dia- 
phragm and occurs in tetany, tetanus, and hysteria. Under these con- 
ditions dyspnea as well as pain near the attachment of the diaphragm 
to the ribs may be found. A third group in which abnormal, irregular 
contractions of the diaphragm are seen is occasionally observed in tics 
and chorea. 

In a particularly rare form the whole diaphragm or parts of it con- 
tract at a rapid rate causing the appearance of special symptoms and 
signs which enable the clinician to make the diagnosis often without 
resort to laboratory facilities. We had the opportunity to observe an 
example which presented unusual features. 

Case Report. S. P., 84 year old male, was admitted November 11, 1944, 
complaining of headache, vertigo, and occasional chest pain. Rarely ill, he 
began to experience dizzy spells in 1943; no loss of consciousness occurred at 
any time. Almost simultaneously the patient began to suffer from headaches. 
In 1944 the patient had a slight attack of "influenza.” vSix weeks before 
admission to the hospital spells of vomiting occurred. For the past 5 yeans 
he had complained of cough and had expectorated white mucus which was 
occasionally blood-tinged. He was accustomed to sleep on 3 pillows at home 
and also reported some exertional dyspnea. He was confined to bed for a few 
months prior to admission because he felt too w'eak to walk. The patient ^yas 
a heavy smoker. Until 11 years before admission he had worked in a paint 
factory mixing lead pigments. . ^ * 

On admission the temperature was C., pulse rate 70, and respiratory 
rate 20. The emaciated, slightly dehydrated patient lay quietly in bed in no 
acute distress. He was oriented as to time and place, but responded slowly to 
questions. Examination of head, eyes, ears, nose, and throat was essentially 
negative. ' The chest w^as markedly emphysematous nnth flaring of the lower 
ribs. Breathing was mainly abdominal. No thrills or pulsations were felt or 
seen in the anterior or posterior chest wall. Percussion and auscultation of the 
lungs revealed the tj'pical findings of an advanced emphj'^sema. Percussion 
of the heart was rendered uninformative by the emphysema. The heart 
sounds were distant and rhythmic. No murmurs were heard. The blood 
pressure was 140, '80 mm. Hg. At the base of the heart the cardiac sounds 
were so faint as to be almost inaudible. 

In the lower right chest peculiar rapid sounds varying in intensity from 
time to time were heard. These sounds usually were louder, clearer, shorter, 
and higher pitched than the heart sounds. The fast rate and the absence of 
anj' accentuation made these sounds resemble fetal heart sounds (embrjm- 
cardia). Despite the high rate it was alwa 3 ’s possible to count them because 
each e.vaminer instinctivelj' counted in the same manner as he would count 
the heart beat, 2 beats constituting 1 C 5 ’c!e. In this waj*^ it was found during 
an observation period lasting 16 weeks that the rate varied between 250 and 
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300 beats per minute with the average rate being 270 beats per minute. The 
point of maximum intensity of these sounds was located in the fifth and sixth 
right interspaces just lateral to the mid-clavicular line. These sounds were 
also heard posteriorly from the inferior angle of the right scapula to the base 
of the lung. Slightly louder on expiration, they seemed superficial as if they 
were coming from just below the chest surface. The sounds were not heard 
in the left chest at all. They were present during all phases of respiration as 
well as when the patient stopped breathing. 

Inspection of the abdominal wall showed, on one occasion only, slight 
rapid fluttering movements in the right upper quadrant just below the border 
of the ribs. Over the abdomen the flutter sounds were not audible and all 
physical findings were negative. 

Neurological examination was essentially normal. 

Laboratory data were not remarkable; only a few of the findings will be 
recorded. Red blood cells, 4 million; hemoglobin, 13 gm. per 100 cc. ; leucocyte 
and differential counts were normal. The urine revealed l-f- albumin, with 
few red blood cells, epithelial cells, and no casts. Blood sugar was 78 mg. 
per 100 cc.; urea nitrogen 12.5 mg. per 100 cc. Blood Wassermann and Kahn 
tests were negative. Sedimentation rate (Westergren) was 11 mm. in 15 minutes 
and 22 mm. in an hour. Blood calcium was 10.7 mg. per 100 cc. Venous 
pressure was 65 mm. All other findings were also in the range of normal values. 

Following the discovery of the abnormal sounds the patient was further • 
questioned and he related that he had been aware of “something going up 
and down like a clock all the time” in the right chest at the level of the right 
diaphragm. He had experienced this sensation for the first time about a 
month before admission to the hospital. He added that there was some pain 
in this area; since the distress was worse at night, it interfered with his sleep. 
After a few weeks in the hospital this pain disappeared as did the clock-like 
sensation. The abnormal sounds, however, were audible as ever to the exam- 
iners. 

The abnormal sounds were heard regularly up to November 28 when they 
became less constant and were occasionally missed. When absent, the sounds 
could always be restored by having the patient cough or breathe deeply. 

Figure 1 shows that the rate of the abnormal sounds bore no apparent rela- 
tionship to the heart rate or to the respiratorj’- rate. Coughing made the 
sounds louder and faster. On the several occasions that the patient was 
examined during sleep the abnormal sounds were never heard. 

The electrocardiogram showed a regular sinus rhythm without e-\ddence of 
myocardial damage. Using silver electrodes and needles placed subcutaneous^ 
in different locations around the area where the sounds were most audible, 
we tried to register some abnormal acti^^ty of the diaphragm, but all attempts 
failed. 

Roentgenograms revealed a prominent aortic knob with e\ndence of cal- 
cification of the aorta. The heart was normal in size and shape. The lungs 
showed e\'idence of emphj'sema and increased markings. An old healed frac- 
ture of the left tenth rib posteriorly was found. Several kymographic, roent- 
genographic, and fluoroscopic examinations of the diaphragm with the patient 
standing as well as in the lateral position were carefully made, but these failed 
to show any abnormal movements. Skull plates were negative. 

Twice the right phrenic nerve was blocked successfully b 5 '’ novocaine. 
During the first attempt the abnormal sounds persisted for 15 minutes after 
fluoroscopy indicated paralysis of the right diaphragm. Then they disappeared 
only to return immediately by ha^’ing the patient cough. In the second 
attempt the abnormal sounds persisted during the entire period that the right 
diaphragm was paralyzed. This time, however, small rapid flutter movements 
were visualized under the fluoroscope in the lateral half of the othenvise 
stationary right diaphragm. 

Electroencephalograms showed normal brain patterns. 

, The recording of the abnormal sounds (Fig. 2A) taken from the sbcth right 
interspace in the right axillarj- line revealed rapid regular beats ivith a rate of 
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272 per minute. The heart sounds were registered immediately thereafter 
but the pulmonary emphysema made the registration difficult. Figure 2B 
shows the stethogram of the heart sounds obtained from the fifth left inter- 
costal space and left mid-darn cular line rvhere the cardiac sounds were heard 
best. 
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Fig. 1.— No rdatioo is N-isiWe between the rate of the heart (R) or the respiration (C) 
and the rate of the abnormal sounds in the chest (A). 


Quinidine sulfate, 3 grain.? everj' 2 hours for 26 doses, was given. Under 
this regime the abnormal chest sounds disappeared, but could be elicited 
again by coughing or deep breathing. Tlffiereas predousiy these sounds, if 
produced by the.se maneuvers, would last for a considerable time, they now 
remained onb' for a few seconds. This effect disappeared a few days after 
quinidine was discontinued. The patient was dismissed after an obsen'ation 
period of 16 weeks, during which the abnormal phenomenon was observed. 
Occasionally it di.sappeared ; however, it would again reappear for short periods. 

Discussion. The finding of rhythmic sounds, resembling fetal heart 
sounds and bearing no relationship to cardiac activity, in the right 
chest of an S4 year old male is unusual enough to demand recording. 
Review of the literature on disturbances of diaphragmatic activity 
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Fin. 2. — .1, Tlie slctliosiam of tlio nbnornml sounds and the electrocardiogram in Lead II. B, The heart sounds registered 

from tho npicnl nren with the electrocardiogram in Lead II. 
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reveals only 1 case that is at all similar. First described in 1936 by 
Porter, this same case has been reported several times as the patient 
traveled from one hospital to another giving different histories each 
time.^'®’^^ That patient, 57 years old when first described in 1936, 
complained of angina-lilie pain. Abnormal sounds independent of 
cardiac activity could be heard over the entire lower third of the chest 
anteriorly and posteriorly with a rate of 250 to 300 beats per minute. 
Registration of these sounds was possible. Fluoroscopy revealed 
bilateral symmetrical flutter movements of the diaphragm. 

The individual reported in this article is definitely not the same one 
described in previous papers. In this case the sounds were caused by 
the rapid contractions of one part of the right diaphragm which showed 
normal respiratory movements. No case of this tj'pe seems to have 
been reported. It is interesting to note that the rate and character 
of the abnormal sounds were similar in both cases. In our patient these 
soimds were heard only over a circumscribed area and fluoroscopy 
revealed normal respiratory movements of the diaphragm. Only fol- 
lowing block of the right phi'enic nerve with paralysis of the right 
diaphragm could fluttering movements be seen in one small area of 
the right diaphragm corresponding to the point of maximum intensity 
of the abnormal sounds. Blocking of the phrenic nerve in this case 
did not stop the phenomenon. 

In Table 1 are listed 7 cases, including the observation reported 
by Porter, in which the rate of the diaphragmatic contractions was 
rapid (over 80 per minute) and the clinical data were complete. No 
attempt is made here to list cases of diaphragmatic disturbances which 
do not fulfil the above two requirements. In none of these cases with 
the exception of Porter’s were abnormal chest soimds caused by 
abnormal contractions of the diaphragm heard. These disturbances 
followed encephalitis or appeared after an abdominal operation. It 
is worth while to note that in these cases block or section of the phrenic 
nerves repeatedly led to immediate disappearance of the abnormal 
diaphragmatic contractions. 

The appearance of painful sensations with abnormal contractions of 
the diaphragm, as was found also in our case, is known, easily explained, 
and does not require further comment. 

Most of the reported cases have followed some form of encephalitis 
and produced such respiratory distress that surgical operation on 
the phrenic nerves with varying success had to be done. 

It seems that there are several mechanisms through which this 
condition rnay occur. (1) In cases in which this phenomenon results 
— encephalitis and perhaps from hj^teria, abnormal central stimuli 
coming dovm the phrenic nerve from the brain may cause rapid con- 
tractions of the diaphragm. (2) Abnormally fast contractions of the 
diaphragm may be observed displaying the rhythm and rate of the 
heart of the individual. This is not at all rare in experiments on dogs 
in which the left half of the diaphragm occasionally contracts rhyth- 
mically with the heart. One of us often saw these unusual contractions 
in the dog disappear immediately if the left phrenic nerve were removed 
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from the heart or severed caudad from the heart before it reached the 
diapliragm. The potentials due to cardiac activity produce enough 
stimuli to cause contractions of the diaphragm. Under normal condi- 
tions these stimuli are not strong enough, but apparently suffice if the 
sensitivity of the diaphragm is altered during an experiment by 
anesthesia, exposure, or drugs. (3) It also seems certain that patho- 
logic changes as found in diaphragmatic pleurisy (particularly fol- 
lowing pulmonary infarctions) or in peritonitis also lead to abnormal 
contractions of the diaphragm. Pathologic changes in the diaphrag- 
matic muscle are very common in these various conditions.'^ 

In the case reported here, the assumption seems justified that we 
are dealing with a purely peripheral disturbance. Successful blocking 
of the phrenic nerve did not abolish the phenomenon and there was 
no relationship to cardiac activity. In an attempt to explain the 
mechanism of the abnormal phenomenon, the comparison with attacks 
of paroxj’^smal tachycardia of the heart is obvious. From animal experi- 
ments it is known that stimulation of heart muscle whose metabolic 
state has been altered through some sort of damage (as anemia) may 
lead under certain circumstances to a long series of rapid abnormal 
contractions (paroxj'smal tachycardia, flutter, or fibrillation).^-^ This 
happens particularly if the stimulus is applied in a certain early phase 
of diastole called the “vulnerable phase.”^® It is possible that a similar 
mechanism existed in a small part of our patient’s diaphragm. In 
favor of this explanation is the fact that once the phenomenon dis- 
appeared, it could always be brought back by cough or deep respira- 
tion, that is, by renewed stimulation of the injured diaphragmatic 
muscle. It was always present when the patient breathed deeply and 
was absent when the patient was asleep, that is, during more super- 
ficial breathing. Accordingly we may be dealing with an abnormal 
response of a small part of the diaphragm to physiological stimuli. 
Porter’s case with the symmetrical fluttering of both halves of the 
diaphragm cannot be e.\-plained in this way. 

With regard to the Auewpoint expressed by Lewis and Dock® that 
the contraction of the heart muscle does not contribute to the origin 
of the first heart sound, the appearance of loud sounds caused by 
contraction of a part of the diaphragm in our case is of particular 
interest. These sounds need, however, not be attributed to muscular 
contractions alone. Vibrations due to stretching of connective tissue 
in tendinous parts of the diaphragm may be responsible. 

Conclusion. A case of unilateral diaphragmatic flutter in an 84-year- 
old man is reported, and recorded, in which rapid loud rhythmic 
sounds in the right chest independent of the heart sounds led to the 
clinical diagnosis. These sounds were caused by contractions of a part 
of the right diaphragm. 


Abdentjuxi; The patient wa-s reexamined on June 13, 1945, and October 4, 1945. 
He stated that he had occasional recurrence of the clock-like sensations in the right 
chest. No abnormal sounds were heard during normal respiration or after coughing on 
both occasions. 
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INTESTINAL LIPODYSTROPHY (LIPOPHAGIA GRANULOMATOSIS 
OR WHIPPLE’S DISEASE) 

By Harvey J. Amsterdam!, M.D. 

AND 

David M. Gray-zel, M.D., Ph.D. 

THE JEWISH HOSPITAL, BBOOKLYN 16, NEW YOBK. 

(From the Department of Laboratories) 

Patients who present as their major complaint, diarrhea, either 
chronic or of short term duration, usually receive intensive study in 
order to establish an etiologic (or anatomic) diagnosis. However, 
many cases of chronic diarrhea are diagnosed incorrectly or signed out 
with a diagnosis wanting. We wish to report a case of intestinal 
lipodystrophy (lipophagia granulomatosis or Whipple’s disease) as it 
is the 14th such case to be reported and with the hope that another 
cause for chronic diarrhea might be further established. 

Since Whipple’s^- first description of intestinal lipodystrophy there 
have been 12 cases reported in the literature. This disease" occurs 
predominantly in males usually between the 4th and 6th decade. 
Among the major complaints are diarrhea with or without blood, 
sometimes steatorrhea, postprandial discomfort and distention, 
asthenia and weight loss. They usually further present a moderate 
anemia, normal leukocyte and differential counts, hypotension, skin 
pigmentation and achlorhydria. Necropsy findings are consistent. 
These show a mesenteric lymphadenopathy with lipoid replacement 
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of these lymph nodes, and enlarged intestinal villi with characteristic 
fat-laden cells in the mucosa and submucosa. 

In no case, including our own, was the diagnosis of intestinal lipodys- 
trophy made antemortem. The most frequentl}'’ entertained ante- 
mortem diagnosis have been, regional ileitis, ulcerative colitis, sprue, 
Boeck’s sarcoid and Hodgkin’s disease. Table 1 presents all the cases 
reported 'to date in a form which we have slightly modified from the 
paper of Apperly and Coplejn* It is worth mentioning that in 3 cases, 
"l^fiiipple,^ Apperly and Copley^ and our own, an exploratory lapar- 
otomy was performed during the course of the illness and Hodgkin’s 
disease or sarcoma, Hodgkin’s disease, and questionable tuberculosis, 
were respectively reported from mesenteric Ijnnph node microscopy. 




Age 

History, time in yrs. . 

Post, prand. discom. and disten, 
Aetbenia and n-eight loss 
Diarrhea . . , , • • 

Diarrhea mth blood 
Steatorrhea .... 

Fever . . . • • 

History of arthritis . 

Skin pigmentation .. . . 

Skin pigmentation, icterus sit. 
Edema, moderate . . 

Anemia, moderate . . 

Leiikoojitpsis .... 
Eosinophiha , . . - 

Low blood pressure . . 

Achlorhydria , . . • 

Terminal acidosis , 

Terminal tetany • • : 

Avlopsy Findings 
Pericarditis, fibrous 
Endocarditis . . - ■ 

Pleuritis 

Peritonitis . . ■ 

Hemorrhages 

Enl.-intest. viUi with fat cells 
Mesenteric lymphadenopathy 
Chylous ascites , . • • 

Pancreatic fibrosis, moderate 


Table 1 


'O 

c 

C5 






C 









s_ 

C3 

’5. 


•** 

44 

R 





■*» 

(I 


c >> 


n’o 

Cl 

W 



J 

o 

Bocck 



ci 


ba. ^ 


11 


e 

3 

m 

fi 

3 

s 

E 

3 

S 

"5 

Ui 

*S 

33 

o 

u 

-a 

e 

o 

Hill 

C 

‘S 

Sailer 

&< 

o 

K 

3 

C3 

> 

C 

M 

M 

F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

36 

42 

44 

32 

38 

37 

45 

60 

60 

74 

45 

51 

49 

54 

6 

2 

2 

n 

1 

15 

1 

10 

\ 

1 

5 

4 

9? 

2 

0 

4 

0 

0 


4 

4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

0 

4 

4 

4 


4 

0 

0 

4 


4 


0 

4 

0 


4 





4 

4 

4 

4 

+ 

4 

0 

0 


? 

4 



0 



4 

0 


0 

0 

0 


? 



0 

0 



0 

4 

+ 

0 

0 

0 

4 

4 





4 

4 

4 

0 

4 

0 

0 

0 


4 




0 

4 



4 


4 

0 

0 


0 




0 

4 

4 

0 

0 


4 

4 

0 


0 




4 

4 

4 


4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 


0 

4 

0 

0 

0 








4 


0 


4 

0 

4 





4 


4 

4 

4 

4 


4 


4 


4 

4 




4 

4 

0 


4 

*» 




7 

7 


7 

7 

Q 

7 

7 

0 



4 

4 









7 

0 

4 

* 

4 

0 

4 

4 


4 

4 

♦ 

4 

0 

4 

0 

4 

♦ 

0 

0 

4 


4 


♦ 


0 

0 

0 

4 

♦ 

0 

0 


4 



4 

« 

4 

0 

0 

0 

4 


4 







4 


4 

0 

4 

4 


0 

0 

4 

4 






0 

0 

0 

4 


4 

4 

0 

4 

? 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

0 

0 

4 

0 






4 

4 

0 

0 

0 

0 

0 

0 

0 

4 


0 

0 

4 

4 

4 

0 

0 

0 


4. and 0 indicate presence or absence of sj'mptom or sign. 
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' Case Eeport. L. K. (278817), a Jewish wliite man, age 54, was admitted 
to the Jewish Hospital of Brookljm on October 26, 1944, complaining of 
diarrhea, abdominal distention and loss of weight. 

In 1942 the patient was admitted to another hospital complaining of diarrhea 
of 3 weeks’ duration. Following an intensive study an exploratorj’’ laparotomy 
was performed and revealed “firm whitish adhesions of the lower small in- 
testines, with a few whitish areas, and numerous soft nodes along the aorta 
and spine," jMicroscopic examination of the areas and nodes were reported 
as "(1) chronic peritonitis of the ileum, (2) chronic lymphadenitis, probably 
tuberculous, (3) possibly healed regional ileitis." He was readmitted several 
times to the same hospital with e.xacerbations of his sjTnptoms. In August, 
1943 progressive pigmentation was noted on both lower extremities. Roent- 
gen ray studies of the gastro-intestinal tract were interpreted as showing a 
deficiency pattern. In April, 1943 he was admitted to another hospital where 
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a gastro-intestinal study was made which proved negative. He was main- 
tained on a high vitamin, low fat diet. . ; . 

Five days prior to his admission to this hospital diarrhea began again, 
unassociated with pain. Daily postprandial distention was noted for about 
3 hours, and a fever of 100° to 101° F. was recorded for the 6 weeks prior 
to admission. His stools were described as brown, liquid, not foamy or foul- 
smelling, and no melena was noted. He felt weak and hstless. There was 
no history of arthritis. _ . , , . • j 

On admission the patient was a pale, thin, emaciated white man with a dry 
scaly skin and a markedly distended abdomen. The blood pressure on several 
occasions ranged from 82 to 110 s 3 ’-stolic and from 40 to 68 diastolic. The 
lungs were clear to auscultation and percussion and an apical sj^stolic murmur 
was heard. The abdominal wall w'as slightly edematous. Peristalsis was 
visible and auscultation revealed normal peristaltic sounds. Rectal examina- 
tion was negative. Peripheral edema was slight. 

Almost throughout his hospital stay his temperature ranged between 
100° and 102° F. Several Roentgen ray studies of the gastro-intestinal tract 
were interpreted as representing a deficiency pattern. Guinea pig inoculation 
of the stool failed as the animal died prematurely of secondary infection. 
The radiology department ventured a Roentgen ray diagnosis of regional 
ileitis principally invohing the terminal ileum, as the ileal coils appeared 
narrowed and had serrated borders. Roentgen ray examinations of both 
hands were negative. Urine analysis on several occasions revealed specific 
gravities ranging from 1.002 to 1.010 with traces of albumin but no sugar. 
Blood counts showed hemoglobins ranging from 48 to 67% vdth red blood 
counts ranging from 2.19 to 3.28 million per c.mm. A typical blood count 
read: hemoglobin 50%, R.B.C. 2.88, W.B.C. 6,450, polymorphonuclears 72, 
bands 8, l 3 Tnphocytes 15, monocytes 5, eosinophils 0. The sedimentation 
rates were 27 and 40 mm. per hr. and the stools consistently showed 1 to 4-|- 
blood, with no ova or parasites found. The total blood protein ranged from 
3.17 to 5.3 mg. % with from 2.9 to 3.1 mg. % globulin, and 1.0 to 1.3 mg. % 
albumin with an A/G ratio of from 2.2 to 3.1 The blood urea nitrogen, COj 
combining power, uric acid, calcium and cholesterol values were within normal 
limits. Blood agglutination for the t 3 'phoid-SahnoneIla group was negative. 
A tuberculin test was negative in 1 ; 100,000 dilution. 

Despite a great deal of parenteral therapy including whole blood trans- 
fusions, amino acids, glucose and vitamins, he continued to go dorniHill. 
His diarrhea continued and abdominal distention was alwa 3 fs present. Toward 
the end he had several bouts of melena and died on December 19, 1944 on 
his 55th hospital day. 

Necropsy. The bod 3 '- was that of an emaciated white man weighing 40 kg. 
The peritoneal surfaces were dull and the mesenter 3 " was thickened and studded 
with easily palpable, firm lymph nodes. The heart weighed 220 gm. and was 
grossly not unusual. The lungs showed no e\ndence of tuberculosis; the right 
and left lungs weighed 300 and 340 gm, respectively. Their cut surfaces 
were not unusual. The tracheobronchial l 3 Tnph nodes were likewise not 
unusual. The jejunum presented a thickening of the valvulse conniventes. 
The mucosa was purple-red in color, and between the thickened vahmlm 
the mucosa had a velvety appearance. The proximal ileum presented a similar 
picture, but the terminal ileum was thickened. The serosa of the terminal 
ileum was covered with occasional white, flat, plaques measuring up to 1.4 x 
0.9 cm. These areas were firmer than the surrounding tissue. The mucosa 
of the terminal ileum presented ulcerations underhung the white plaques 
described. The mesenter 3 ’- was markedly thickened and studded with l 5 Tnph 
nodes measuring up to 1.2 x 1 x 1 cm. They were firm, gre 3 '-white in color 
and not matted together. On section, they were gra 3 ^-white but no C 3 'stlike 
spaces were seen. The liver weighed 1210 gm., and its external surface waS 
red bromi in color. On section the cut surface showed a nutmeg appearance. 
The pancreas weighed 52 gm. and was 3 'cllow-tan, and on section showed the 
nonnal lobular pattern. The suprarenal glands together weighed 17 gm. and 
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red-broivn and glistSi f were 

^as easily Xl;5w"^ro° the “"kT?',? 

eyateia, and bone marrow were not unusual P en, museulo-skeletal 

n„di=s nISht 'Tnfj. “nlEf ™ 



In preparations from the jejunum (Fig. 1) the villi were prominent and 
blunted. In many places the entire mucosa wns ragged and necrotic Crvnts 
found in the mucosa were few in number and were greatly distorted Larne 
foamy, mononucleated cells were seen in the mucosa, some of these cells Ivinn 
wuthm thm-walled endothelial-Imed spaces. In some areas these foLv 
macrophages compnsed the most prominent cell seen. In no place were giant 
cells seen. The remainder of jejunal coats were not unusual. In preda- 
tions from the terminal i eum the ^^lIl were decidedly blunted and the mhcosa 
here also showed a marked necrosis. However, there were no largeddv 
cells seen m the mucosa. In preparations from the ileocecal region thf mucoS 
pattern approached a more normal architecture. ^ mucosai 

In preparations from the mesenteric bmph nodes iinrlpi- Imv nnn-r.- 

cvtoarchitecture was markedly distorted fFip- 91 TKo i T the 

posed of numerous thin-walled endothSl-l ned ^vere com- 

swiss-cheese pattern. Even under the low almost 

phages could be seen. Under a hicher fication large foamy macro- 

could be seen to be filled with large 

The ,euu.iuder ut the ly„ph uodLonsSfoTSK™ edrSistods 





Fig. 2.— Photomicrograpli oi lympli node showing cystic spaces and foam cells. 

H. and E. X 100 
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of lymphoid tissue, and also occasional multinucleated giant cells. In prepara- 
tions stained with Scharlach R (Fig. 4) these foam cells were seen to contain 
orange granules. These cytologic characteristics were seen in all of the mes- 
enteric lymph nodes studied. 



Pig. 4, — Photomicrograph of lymph node showing the large cells filled with fat. 

Scharlach R. X 400. 

Discussion. The cause and' the pathologic physiology involved in 
intestinal lipodystrophy remains obscure. There are, however, several 
theories on record to explain the clinical and pathologic findings. 
Hyde® states that chronic fatty diarrhea on a pancreatic basis is over- 
stressed, while disease involving the absorbing mechanism has not 
received sufficient attention. Blockage of the lacteals with subse- 
quent fatty diarrhea has been reported by a number of investigators.®'’-® 
In no ease of intestinal lipodystrophy has obstruction to the thoracic 
duct or cysterna chyli been found, although such obstruction does 
lead to chjdous ascites and Ijunph node changes as seen in this disease. 
Jarcho’ suggests the possibility of some congenital malformation in 
the mesenteric Ijunph nodes as the cause for this disease. 

The dilatation of the mesenteric lymph node spaces is the most 
consistently found lesion in this disease. Hill® believes that there is 
dilatation by chyle wutli subsequent breakdown of the emulsion'and 
inspissation. Clinically, intestinal lipodystrophy is very similar to 
the sprue syndrome but the latter does not, or only rarely, presents 
intestinal changes as seen in HTiippIe’s disease. Fairly and Mackie^ 
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report 3 lymphoblastomas which gave rise to a sprue syndrome and 
believed tliat malabsorption of food products was the cause for the 
diarrhea. Blumgart® also regards malabsorption as the primary factor. 
Along similar lines Reinhart® believes that there may be an increased 
excretion of fat into the intestines. And finally the liberation of 
lipolytic ferments from damaged cells results in fat and fatty acid 
stasis in lymph nodes. The saponified fats are engulfed by giant cells 
and eventually there is further chronic inflammation, fibrosis and 
obstruction.^'^® 

The fever presented by our case could be explained on the constant 
presence of decubitus ulcers, and occasional phlebitis resulting from 
almost continuous intravenous therapy. 

The diagnosis of intestinal lipodystrophy presents obvious difii- 
culties. However, when more cases are reported, a pattern of symp- 
toms and signs may make it easier. Within the past 8 years, 9 of the 
14 cases have been reported; the most recent, by Vaux.” The treat- 
ment of this disease must remain symptomatic until an etiologic basis 
is discovered. Parenteral therapy with vitamins, glucose, protein 
hydrolysates and transfusions offer the most for tliese patients. Boeck^ 
used pancreatin with no success. 

Summary. 1. A case of intestinal lipodystrophy (lipophagia gran- 
ulomatosis or Whipple’s disease) is presented. 

2. The literature is reviewed and the theories for its mechanism 
and pathologic physiology are presented. 
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STEVENS-JOHNSON SYNDROME 
(Eruptive Fever With Stomatitis and Conjunctivitis)* 

By Maj. Sdion Koits, hl.C., A.U.S. 

(From the Medical Sen’ice, Bronx Area Station Hospital. 

Bronx 57, Ncnr York.) 

'rv'O cases of an interesting and uncommon sjmdrome of an eruptive 
febrile disease associated with stomatitis and conjunctivitis, originally 

* l wish to thank Major B. Neilson, Chief of the Dental Service, Major H. Simons 
and 1st Lt. B. Capus, of the Eye. Ear, Nose and Throat Service, for their valuable aid 
in aommistermg local therapy. 
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described by Stevens and Johnson/ are reported here. These cases 
were encountered within a 2| week interval with no history of possible 
contact with each other. 

This syndrome has been referred to, at times, as “erythema multi- 
forme bullosum with involvement of the mucous membranes of the 
eyes and mouth, or "erythema exudativum multiforme with oph- 
thalmia and stomatitis.”^ However, because of the characteristic 
clinical picture, it may well be that we are dealing with a distinct 
clinical entity. Pending further knowledge concerning the etiologic 
agent, the term “Stevens- Johnson syndrome” or “eruptive fever with 
stomatitis and ophthalmia”^ may be applied. Certainly this syndrome 
differs from erythema exudativum multiforme which is manifested by 
a cutaneous eruption, mild constitutional symptoms and only mild, 
if any, oral and ocular involvement, hlurphy' has noted that the 
enanthem rather than the exanthem appears to be the most constant 
feature of the disease. It has been suggested'* that the syndrome 
may be a severe or atypical form of erythema exudativum multiforme 
(Hebra) and that the name “Hebra” be replaced by “Stevens-Johnson.” 

The clinical course is characterized by the acute onset of fever and 
prostration, associated with a cutaneous eruption, a severe mem- 
branous stomatitis and a purulent conjunctivitis. The oral lining is 
usually edematous and covered with numerous vesicles which soon 
rupture. This is followed by the formation of a thick membranous 
exudate which then sloughs off. The purulent conjunctivitis is usually 
severe. Panophthalmitis and either partial or total blindness are 
frequent complications. A macular-papular or vesicular eruption, 
which varies in severity in individual cases, may be present. The 
course usually lasts about 2 to 3 weeks and may be followed by a 
recurrence.^ A leukopenia or mild leukocytosis is present. There 
are no characteristic laboratory findings. No light has been thrown 
on the etiologic agent. Bacteriologic studies have not been illuminat- 
ing. Staphylococci or streptococci have been isolated from the 
lesions*-'* but these may have been secondary invaders. A case asso- 
ciated with Vincent’s infection of the mouth has been reported.^ No 
transmissible agent was recovered by Edgar and Syverton^ following 
animal inoculation of tlie vesicular fluid from one of their cases. 
Biopsy of a skin lesion failed to yield any significant findings.^ 

Case Reports. Case 1. T. K., a 19 year old white male student, was 
admitted February 6, 1944 from the dispensary of the City College of New 
York because of a sore mouth of 1 day duration. The soldier had been well 
until 1 week prior to admission when he began to have a sore throat, for which 
he took some cough medicine containing “coccillana bark, tolu and menthol.” 
He denied having taken any other drugs. _ On the day prior to admission his 
mouth became painful and he noticed “blisters” on his lips and on the lining 
of his mouth. These sjunptoms increased in severity, and on reporting to his 
unit medical officer on the following day he was sent to the station hospital. 

The past historj-^ was not significant. He had measles, mumps and chicken- 
pox in childhood. _ Venereal diseases were denied. 

There was no histoiy' of familial diseases. 

Physical Examination. The soldier was alert, cooperative, oriented and 
not acutely ill. The temperature was 101.2° F. The skin was clear. The 
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mucosa of tbe mouth was somewhat edematous, and numerous vesicles, 0.1 to 
0.3 cm. in diameter, containing clear fluid, were present over the entire oral 
lining including the buccal mucosa, tongue, palate and lips. The conjunctivre 
were mildly injected. The lungs were clear. The heart sounds were of good 
quality and no murmurs were heard. The pulse and ventricular rates were 
100. The blood pressure was 120/82. The abdomen was soft and the liver 
and spleen were not palpable. The extremities were not remarkable. No 
abnormal neurologic signs were present and there was no lymphadenopathy. 



Fig. 1. — Course of Case 1. 


Course. During the first 2 days following admission the patient became 
progressively more acutely ill and toxic. The vesicles of the mouth ruptured 
spontaneously, and a thick grayish membranous exudate formed over the 
entire lining of the mouth and pharynx. This membrane peeled off easily, 
leaving angry red areas. The conjunctival injection increased in severity and 
he began to have a profuse yellonish purulent discharge from both eyes. 

On the 3rd day his condition began to improve and he appeared less toxic. 
At this time the membranous exudate of the mouth began to slough off in 
plaques of 0.2 to 0.4 cm. in thickness, lea^ung superficial red areas of ulcera- 
tion. The patient began to complain of a mild dysuria and, upon examina- 
tion of the penis, erythema and superficial crusting were noted at the urethral 
orifice. 

The dysuria and external urethritis cleared up completely within 2 days 
and the purulent ocular discharge began to diminish. Progressive improve- 
ment in the general and local conditions continued. By the 10th day the oral 
membrane had sloughed off and by the 17th day the mucous lining was com- 
pletely restored. The ocular discharge ceased entirely by the 7th hospital 
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day. The conjunctival injection, however, subsided more slowly, persisting 
until the 17th day. 

The temperature remained elevated for the first 3 days after admission, 
ranging between 102° and 102.5° F. It then subsided by lysis and reached 
a normal level on the 6th hospital day, after which the patient remained 
completely afebrile. 
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Fiq. 2. — Course of Case 2. 


Sulfadiazine therapy was started on the 2nd day and continued for 12 days. 
Six grams were administered daily for the first 4 days and 4 gm. daily for the 
last 8 days.’ The mouth was treated with peroxide mouth washes, 2 % gentian 
violet applications and saline mouth irrigations. Under supervision of the 
Eve Ear Nose and Throat Service the eyes were treated with saline irri- 
gations and 5% sodium sulfadiazine eye drops during the acute phase, and 
thereafter with 0.25% zinc sulphate solution. Vitamins were administered 
in the form of A and D capsules, thiamine chloride and ascorbic acid. 

The patient was discharged on the 26th day in excellent general health. 
He was cpmpletely asjTOptomatic and no oral or ocular residua were present, 
vdth the exception of a somewhat smooth appearing tongue. 

Laboratory Data (Case 1). Blood Counts: 




Neutro 

Lympho- 

Mono- 

Eosino- 

Baso- 


Hospital 


phlls 

cytes 

cytes 

phils 

phils 

Hh. 

day 

W.B.C. 

<%) 

(%) 

(%) 

(%) 

(%) 

(%) 

2nd . 

. 14,200 

55 

29 

11 

5 


90 

4tli . . . 

S,550 

51 

28 

18 

2 

1 



Cth . . . ■ 9,550 

Stb .... 9,550 

10th . . . 7,300 


Urine examinations and blood cultures were repeatedly negative. Hemo- 
lytic streptococcus was the predominating organism on culture of the throat. 
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The nose and throat culture for Klebs-Loeffler bacilli was negative, A smear 
of the mouth failed to reveal Vincent’s organisms. No fungi were noted upon ^ 
examination of the oral membrane. The smear of the ocular discharge showed ‘ 
many polymorphonuclear leukocytes but no organisms, and a culture revealed 
staphylococcus albus. Roentgen ray of the chest was negative. The blood 
Kahn was negative. Blood agglutinations for typhoid, paratyphoid, tularemia 
and undulant fever were negative. The Weil-Felix reaction and heterophile 
antibody test were negative. Determinations, at frequent interA^als, of blood 
sulfadiazine concentration resulted in values which ranged between 5.7 and 
8.3 mg. per 100 gm. of free drug. 

Case 2. M. N., a 19 year old white male soldier, was admitted from the 
infirmary of New York University to the station hospital on February 22, 
1944. had been well until 3 days prior to admission when he began to 
feel feverish and developed pain and slight swelling below the lobe of the left 
ear. One day prior to admission 3 gm. of sulfadiazine, in divided doses, were 
administered by the medical ofiBcer of the unit. On the day of admission when 
the swelling increased in degree, a diagnosis of mumps was made and he was 
sent to the hospital. 

The past history was not contributory. He had measles, chickenpox and 
pneumonia in childhood. There was no history of allergy. About 1 year 
prior to admission the patient developed a “right submaxillary cellulitis.” 
It was incised and drained, and a suKonamide drug administered for about 
1 week. He denied ever having contracted venereal disease. 

The family history was irrelevant. 

Physical Examination. The soldier was cooperative, alert and not acutely 
ill. The temperature was 98° F. The skin was warm and dry. A 2-mch 
well-healed surgical scar was present over the right submaxiUary region. A 
moderate sweUmg, confined to the parotid gland, was noted below and anterior 
to the lobe of the left ear. The orifice of the left parotid duct was prominent 
and erythematous. The lungs were clear. The heart sounds were of good 
quality and no murmurs were audible. The pulse and ventricular rates were 
80, The blood pressure was 126/84. The abdomen was soft and no masses 
were palpable. The liver and spleen were not felt. The extremities were 
not remarkable. There was no lymphadenopathy. The neurologic exami- 
nation was negative. A diagnosis of mumps parotitis was made on admission. 

Course, The patient remained afebrile during the first 5 days following 
admission. Swelling of the left parotid gland persisted. On the Gth day 
after admission his temperature rose to 102° F. The palpebral and bulbar 
conjunctivse became markedly injected, and a moderate bilateral chemosis 
and mucopurulent ocular discharge developed. In the evening he began to 
experience some soreness of the mouth. On the following day the temper- 
ature rose to 106° F. and the patient appeared verj-- acutely ill, ex-tremely 
toxic and prostrated. The entire mucosal lining of the mouth was somewhat 
edematous. Numerous pearly vesicles were noted on the surface of the tongue. 
They contained clear fluid and varied in size from 0.2 to 0.5 cm. in diameter." 
Several irregular areas of thin grayish membranous e.xudate were present ori 
the surface of the buccal mucosa and the lips. A few small scattered vesicles 
appeared on the skin; 3 on the palm of the left hand, 3 on the trunk, 4 on the 
face and 1 on the glans of the penis. They were surrounded by a thin zone of 
erjdhema and were 0.2 .to 0.4 cm. in diameter. The external urethral orifice 
was ei^dhematous. Upon specific inquirj^ the patient admitted ha-vdng mild 
dysuria. It was felt at this time that the clinical picture resembled the Stevens- 
Johnson syndrome vdth characteristics of an eruptive fe%'er, stomatitis and 
conjunctivitis. Oral sulfadiazine therapy was started with an initial dose of 
4 gm. Thereafter 1 gm. was administered everj’- 4 hours. 

On the 8th hospital day he was still acutely iU, although the temperature 
had dropped to 104° F. The membranous exudate formation and the edema 
of the oral lining became more marked. The cutaneous vesicles increased in 
size and slightly in numbers, and a thin membranous exudate appeared at 
the urethral orifice. Because of the desperate condition of the patient pen- 
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icillin therapy (40,000 units administered intramuscularly every 3 hours) 
was instituted and sulfadiazine was continued. At the suggestion of the'dental 
service, the mouth was treated with topical applications of tyrothricifi/'con- 
taining gramicidin and tyrocidin. 



Fio. 3 A 



Fig. 3 B 


On the 9th day the temperature ran to 103° F. and .the patient appeared 
slightly improved, less toxic and somewhat more alert.. The left parotid 
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swelling had subsided considerably but enlargement and tenderness of the 
right submaxillary gland became apparent. The ocular chemosis had dimin- 
ished somewhat. The mouth was less edematous although the membranous 
exudate on its surface had become more extensive. The cutaneous vesicles 
increased somewhat in number and were particularly numerous on the hands 
and wrists. Elsewhere on the body they were few and sparsely distributed. 
The membranous exudate at the urethral meatus had increased in severity. 

During the following 4 days his general condition slowly improved and the 
temperature gradually subsided to about 101.5° F. The swelling of the left 
parotid and right submaxillary glands disappeared and the ocular discharge 
diminished. The cutaneous vesicles of the trunk, face, arms, and forearms 
began to recede although those of the hands increased in size to form bullEe 
0.5 to 2 cm. in diameter. The oral membranous exudate increased progres- 
sively. This soon covered the entire lining of the mouth, and thereafter 
grayish membranous plaques 0.1 to 0.2 cm. in thickness sloughed off slowly. 
The scrotum became completely covered with vesicles and this was followed 
by complete desquamation of the superficial epithelium, leaving a raw erythe- 
matous surface. Because of difficulty in swallowing and frequent vomiting, 
the fluid intake was maintained by continuous intravenous infusions. 



Fig. 3 C 


On the 13th day the temperature suddenty rose to 104° F. and the w’hite 
blood count dropped to 5800, but no change in his general and local conditions 
were apparent. Because of the possibility of a sulfadiazine reaction, chemo- 
therapy was discontinued. Penicillin therapy, however, was maintained. 

The temperature slowly subsided until the 18th day when it reached normal 
limits and the patient remained afebrile thereafter. The soldier’s general 
condition continued to improve and he began to take food by mouth. Pen- 
icillin therapy was decreased to 25,000 units intramuscularlj' every 3 hours on 
the 11th day, to 15,000 units every 3 hours on the 19th day and it was dis- 
continued entirely on the 22nd day. A total of 2,700,000 units of penicillin 
were administered. Thiamine chloride and ascorbic acid were administered 
subcutaneously during the first 2 weeks. Thereafter they were administered 
orally, in addition to vitamins A and D, and nicotinic acid. 

The skin lesions on the trunk, face, arras, and forearms had dried com- 
pletely by the 18th day. However, the blebs of the hands increased in size 
by confluency to several centimeters. This process reached its height at about 
the 19th day, and thereafter these bull® dried slowly. The fluid contents 
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remained clear, although several of these blebs became hemorrhagic on being 
subjected to trauma. By the 31st day the walls of all the bullae had com- 
pletely desquamated, leaving dry erythematous areas at their former sites. 
The superficial epithelium of the scrotum and glans was restored completely 
by the 29th day. The membranous exudate of the mouth continued to slough 
until the 36th day, leaving irregular areas of superficial ulceration which 
epithelialized rapidly. The lips, which showed considerable fissuring and 
superficial ulceration and bled with the slightest manipulation, gradually 
cleared. 



Fig. 3 r> 


The ocular discharge, cbemosis and conjunctival injection began to subside 
on the lOth day (4 days after onset of the conjunctivitis). On the 14th day 
adherent membrane on the palpebral conjunctiva bilaterally was noted by 
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the Eye Service. On the 41st day fine scarring of the conjunctival surfaces 
of the lids was observed. Two weeks later the Eye, Ear, Nose and Throat 
Service reported, “Fine scarring of the conjunctival surface of upper lids similar 
to Stage III trachoma. Symblepharon left lower lid.” Mild to moderate 
bulbar and palpebral injection of the conjunctive persisted. No comeal 
involvement or vitreous opacities were noted at any time. The vision re- 
mained unimpaired. Local therapy included 2% aqueous sulfathiazole drops, 
1% atropine, boric acid irrigations and compresses to the eyes in the acute 
stage. Thereafter penicillin ointment (5000 units/oz.), 0.125% neosyne- 
phrine solution, 0.8% sulfanilamide solution, and 1% silver nitrate solution 
were employed. 



Fio. 3 B 


Fig. 3.— Photographs taken 21 days after onset of initial symptoms of the Stevens- 
.lohnson syndrome: A, Membranous exudate completely covered the tongue, and there 
was marked fissuring, excoriation and bleeding of lips. B, C, D and E, The bulla: of arms, 
forearms, lower extremities and trunk had receded considerably, and many sliowed 
central umbilication. BuUffi of the hands were still at their height. The superficial 
epithelium had desquamated from the scrotum and the glans penis. 

Photographs were taken on the 26th hospital day (21 days after initial 
appearance of s 3 Tnptoms associated with Stevens-Johnson syndrome). By 
this time there had been considerable general and local improvement. Figure 
3 shows clearly the cutaneous buUse, many of which began to show central 
drying with umbilication. The stomatitis with membranous exudate com- 
pletely covering the tongue is likewise clearly demonstrated. 

Photographs were obtained again 1 week later (33rd day). Figure 4 demon- 
strates the further improvement which had occurred. Most of the cutaneous 
bullffi had dried completely. A few membranous plaques were still visible 
on the tongue. 



620 


kove: stevens-johnson syndrome 


The soldier was transferred on the 86th day to a general hospital for further 
local eye therapy. On transfer his general condition was excellent and he had 
gained about 15 pounds. Moderate bilateral chronic conjunctmtis and a 
small synechia between each lower lid and the contiguous scleral conjunctiva 
were present. However, there was no restriction in the movement of the 
eyeballs. Slight pigmentation at the sites of the previous cutaneous blebs 
was still present. 

He was discharged from the general hospital after 2 weeks because of the 
progressive spontaneous improvement in the conjunctivitis. 



Flo. 4 A 


Laboratory Data . Blood Counts: 


Hospital 

day 


Neutro- 

phils 

LyrapUo- 

cvtes 

Mono- 

cytes 

Baso- 

phils 

Eosino- 

phils 

Hb. 

R.B.C. 

W.B.C. 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(millions) 

1st 

5,300 

38 

49 

9 

1 

3 

90 


7th 

10,950 

74 

26 

. 



95 

4.920 

stu 

13,550 

71 

25 

4 

. . 




9th 

7,800 

73 

20 


1 


90 

4.640 

lOtii 

8,250 

67 

29 

3 


1 



11th 

5,800 

61 

39 






12th 

9,100 


. . 

. 





13th 

5,100 

68 

31 



1 



14th 

9,000 

34 

02 


1 

3 



15th 

. . 

. . 

. . 




90 

5.340 
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A smear of the mouth failed to reveal Vincent’s organisms. Examination 
of the oral membrane did not show the presence of fungi. Nose and throat 
cultures produced hemolytic streptococcus and hemolytic staphylococcus. 
The contents of the cutaneous vesicles repeatedly failed to reveal organisms 
on smear, and produced no growth on culture. No organisms were present 



Fig. 4 B 

Fig. 4.— Photographs taken 2S days after onset of ssTnptoms of Stevens-Johnson 
syndrome. A, Grayisli membranous plaques were still visible on the tongue. The lips 
were improved. B, the bull® of the hands had dried. Reepitheliazation of the glans 
had progressed. 

on smear of the urethral meatus and a culture produced no growth. A culture 
of the ocular discharge jdelded gram-positive diplococci. Blood cultures 
and urine examinations were negative. The blood N.P.N. was 30 and the 
blood sugar was 100. The blood Kahn was negative. Blood agglutination 
tests for typhoid, paratjTihoid, tularemia and undulant fever were negative. 
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The Weil-Felix reaction and heterophile antibody tests were negative. Fifty- 
three intradermal skin tests for the common ingestants, contactants and 
inhalants were not contributory. Blood sulfadiazine concentrations ranged 
between 3.0 to 4.6 mg. per 100 gm. of the free drug. 

Discussion. Case 1 presented the picture of severe membranous 
stomatitis, purulent conjunctivitis and involvement of the urethral 
meatus. No true exanthem was present, but this case clearly falls 
into this clinical sjmdrome. The acute course was short, lasting but 
1 week, and the soldier made a complete recovery without complica- 
tions. Oral sulfadiazine was administered in addition to local therapy 
to the mouth and eyes. 

Case 2 was admitted to the hospital after Case 1 had completely 
recovered (17 days following admission of Case 1), and was kept 
under isolation for mumps. The 2 soldiers were students at different 
universities and at no time had they been in contact with each other. 
Six days after being admitted. Case 2 began to develop the typical 
characteristics of the Stevens- Johnson syndrome, i. e., severe purulent 
conjunctivitis, vesicular and severe membranous stomatitis, associated 
with a vesicular and bullous cutaneous eruption. He became desper- 
ately ill and severely prostrated. Because of his precarious state both 
sulfadiazine and penicillin were administered. His course was ex- 
tremely stormy throughout the 1st week and thereafter he improved 
slowly. The acute course lasted about 8 weeks. Although his vision 
remained unimpaired, a residual bilateral mild conjunctivitis and mild 
bilateral synechia remained. The effect of penicillin and sulfadiazine 
therapy cannot be evaluated in this single case. Certainly the response, 
if any, was neither dramatic nor prompt. Because of the history of 
having received a sulfonamide 1 year prior to admission and sulfa- 
diazine 1 day before admission, a skin test to determine sulfonamide 
hypersensitivity was performed. The method described by Leftwich® 
was employed. Serum, obtained from a patient w^ho had been receiv- 
ing sulfadiazine for 5 days and which contained a free drug level of 
7.7 mg. %, was used for the intradermal test. A negative result was 
obtained. Clinically the patient improved while receiving sulfadiazine 
therapeutically. Because of the negative intradermal test and im- 
provement while under sulfadiazine therapy, the latter drug may be 
from consideration as the causative agent. 

Unfortunately these cases shed no further light upon the etiology 
of this bizarre sjmdrome. There w^as no evidence of sepsis or Vincent’s 
infection in either case. The vesicles were sterile. Hemolytic strepto- 
cocci, wdiich were isolated from the throat cultures of both cases, may 
well have been secondary invaders. A strong impression exists that 
this sjmdrome is a systemic disease. It may well be that it is a virus 
infection with the clinical phenomena being toxic manifestations. Of 
interest is the fact that the sjmiptoms in Case 2 were preceded by and 
associated with mumps (left parotid and right subm axillary). All 
doubt as to the diagnosis of mumps was dispelled when his roommate 
was admitted to the hospital, with mumps, 21 days following his 
admission date. In one previouslj' reported case the sjmiptoms 
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likewise started about 1 week subsequent to the onset of mumps.® 
It would be pure speculation at this point to hypothesize a relation- 
ship between this syndrome and mumps. However, a possibility arises 
that the virus of mumps in Case 2 was either the direct cause or 
indirectly predisposed the tissues to the entry of the etiologic virus. 
Further information must await investigation of future cases. 

Summary. 1. Two cases of Stevens- Johnson syndrome of unknown 
etiology and characterized bj'^ an eruptive fever with membranous 
stomatitis, purulent conjunctivitis and severe constitutional reaction 
are reported. 

2. These cases were encountered within a 2|- week interval with no 
history of contact with each other. 

3. The first case was treated with sulfadiazine orally in addition 
to local therapy, and a complete recovery was made. 

4. The second case was desperately ill and was treated with both 
sulfadiazine and penicillin. Following a protracted and extremely 
stormy course a complete recoverj'- resulted, except for mild chronic 
residual conjunctivitis and bilateral ocular synechia. 

5. The effect of either sulfonamide or penicillin therapy upon this 
syndrome cannot be properly evaluated from a review of these 2 cases. 

6. A possible relationship of the etiologic agent to the virus of 
mumps is cited. 
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EXPERIENCES WITH 2350 BLOOD TRANSFUSIONS AT AN 
ARMY GENERAL HOSPITAL IN INDIA 

By Capt. Charles K. Kirby, M.C., A.U.S. 

20th generai. hospitai., apo 689, new' york 

During a 17-month period 2350 blood transfusions were given at 
this Army General Hospital in India, principally to combat troops. 
Approximately three-fourths of the transfusions were given to Chinese 
soldiers and one-fourth to Americans. Because of the lack of equip- 
ment cornmonly found in civilian blood banks, improvisation and 
modification of some techniques have been necessar 3 % Experiences 
under tliese circumstances witli transfusion reactions have emphasized 
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well established points concerning their cause and preA'ention. The 
use of universal donors for American patients has provided further 
evidence of interest in the current controversy regarding the advis- 
ability of this practice. 

Developinent of the Transfusion Service. Among the first considera- 
tions when this hospital opened in April, 1943, was the establishment 
of a Blood Transfusion Service. Although an adequate supply of 



Pig. 1. Certificate given to each Chinese blood donor. Translation: “I give my blood 

for liberty, equality, and the independence of China.” 


Red Cross plasma was available, the diseases endemic in this area 
and the tactical situation implied an early and steadily increasing 
need for whole blood. Tvqiing sera were not available. They were 
obtained from medical officers and laboratory personnel of known 
tj'pes A and B and tested for potency. Blood transfusion apparatus 
was not available. Using commercial solution flasks with dental 
procaine carpules forced through holes in the rubber stoppers and 
tubing from plasma sets, a satisfactory semi-closed gravity system for 
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drawing blood was devised. Salvarsan burettes were used for admin- 
istering blood. In May, 1943 the first transfusions were given and 
in June, 1943 the Chinese Blood Bank was opened. 

An unusual and somewhat diflScult problem has been the procure- 
ment of Chinese blood donors. The average, uneducated Chinese 
soldier, imbued since birth with the concept of personal thrift and 
unacquainted with the refinements of modern medicine, did not 
readily accept the idea of giving his blood to a fellow countryman 
unknown to him. As a result of much perseverance and tact on the 
part of our medical officers and the fullhearted cooperation of Lt. Col. 
An-Chuen Ma of the Chinese Army, this resistance is gradually being 
overcome. For many months a mobile blood procurement team 
visited Chinese units along the Ledo Road but at present Chinese 
donors are reporting to this hospital twice a week. Shown in Figure 1 
is the certificate given to each Chinese blood donor. 

For the first few months blood for American patients was obtained 
from members of the Medical Detachment by ward officers. In 
February, 1944 the increasing demand necessitated the establishment 
of a separate American Blood Bank, with donors reporting from many 
units in this area. Beginning with 17 transfusions during June, 1943 
the number of transfusions each month steadily increased, reaching a 
maximum of 355 during July, 1944. From June, 1943 through October, 
1944 the 17-month period covered by this report, a total of 2350 blood 
transfusions were given, 1732 to Chinese and 618 to American patients. 

Methods and Techniques. Typing sera were obtained from suitable A and B 
donors and tested for potency by the method of Coca. Following inactivation 
they have been stored under sterile conditions. 

For blood typing the open slide method of Vincent has been used. With 
typing sera of adequate strength it has proved to be very reliable. Not infre- 
quently the blood type recorded on the donors’ “dog tag” has been found to 
be incorrect. For compatibility tests the open slide method was used for 
several months. In Februarj^, 1944 this was abandoned in favor of the 
centrifuged test tube method of Levine because of its greater speed and more 
clear cut reactions. In the absence of macroscopic agglutination microscopic 
checks have been made routinely. Rh antiserum was not available for deter- 
mining the presence or absence of the Rh agglutinogen. 

Cold agglutinins have been sought for when indicated but no attempt has 
been made to identify other minor hemagglutinins or the sub-groups. 

Only blood less than 7 days old with a negative Kahn and negative malaria 
smear has been used for transfusion. Despite the high incidence of malaria 
in this area, American donors ndth a negative malaria historj’^ have been 
available most of the time. In a few instances donors who had a single malaria 
attack more than 9 months prewously have been used. No clinical or labora- 
tor}" ewdence of malaria transmission has resulted from these transfusions. 
In Chinese, because of the very high incidence of malaria and the difficulty in 
obtaining donors, the malaria history has been ignored, even though an attack 
occurred less than 1 month prior to the blood donation. Despite a negative 
blood smear, it is not unlikely that malaria was transmitted by some of these 
transfusions. Unfortunately the press of work prevented studv of this prob- 
lem. Malaria transmission would be difficult to establish with certainty in 
the Chinese because of the frequency of chronic recurrent malaria among the 
recipients and the possibiUty of a primaty infection occurring while in the 
hospital. 
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In Americans the type 0 so-called “universal donor” vras used for most of 
the transfusions. Intragroup transfusions were not feasible -without an 
excessive -waste of blood because of the unpredictability of the amount of 
blood and the blood types needed from day to day and week to week. Agglu- 
tinin titers of type 0 blood have not been determined because of the lack of 
sufficient laboratory personnel. 

In Chinese patients intragroup transfusions were given almost exclusively. 
Because of the frequency of transfusions and the relatively rapid replacement 
of blood, the disproportion between the types of donors and recipients has 
not at any time been great. 

The relative frequency of type B blood in the Chinese was striking. Table 1 
shows the frequency in per cent of blood types of 1000 consecutive Chinese 
donors as compared with figures for the American white population taken 
rom a s tandard textbook.® 

Table 1. — Feequencv (%) op Blood Ttpes op Chinese and Ajiericans 
International 


type Chinese Americans 

O 39 44 

A 28 40 

B 26 10 

AB 8 6 


All donors have been tapped -with the impro-vised semi-closed gravity 
apparatus mentioned above. Only 300 cc. of blood were taken from Chinese 
donors because of their smaller stature and correspondingly smaller blood 
volume. Sodium citrate (3.5%) prepared in our central dressing room was 
used as an anticoagulant, 50 cc. for 300 cc. of Chinese blood and 70 cc. for 
500 cc. of American blood. Transfusions were given by the open method, 
pouring blood from the donor bottle through a gauze filter into a salvarsan 
burette. Commercial donor and recipient equipment (Baxter) has recently 
been received and it is planned to replace the present equipment with it. 

Indications. The majority of the transfusions were given for shock 
and anemia due to blood loss in battle casualties. Large amounts of 
blood for individual patients have frequently been necessary, particu- 
larly in wounds of the cranial, thoracic, and abdominal cavities. 
During later months an increasing number of transfusions were given 
for sepsis, acute and chronic, with and without marked anemia. Less 
common indications were thermal burns, malaria with marked hemol- 
ysis, scrub tjTphus, and operative procedures associated with significant 
blood loss {e. g., bone grafts). 

Recently the effect of immuno-transfusion in scrub typhus was 
investigated on a small scale, '^^^lole blood and pooled plasma from 
convalescent cases were given to patients in various stages of the 
disease, without apparent beneficial effect. 

In this hospital there has been a marked preference for the use of 
wLole blood over plasma in the treatment of battle casualties, both 
in the early stages immediately after wounding and during the later 
stages of definitive treatment. In contrast to the 2350 whole blood 
transfusions given during this 17-month period, there were only 934 
transfusions of liquid and dried plasma. Although in some instances 
plasma has been given to deeply shocked patients while blood was being 
cross-matched, the use of plasma at any stage in the treatment of 
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battle casualties has been very infrequent. Most of the plasma trans- 
fusions have been given for severe thermal burns during the acute 
stage of plasma loss. In a few cases plasma has been used to correct 
hypoproteinemia not associated with significant anemia. 

Chinese Plasjna Bank. Because no source of plasma was available 
for the Chinese, a Chinese Plasma Bank was established in conjunction 
with the Chinese Blood Bank. Plasma from blood unsuitable for 
transfusion was pooled with suitable distribution of the blood types, 
creatin-g a reserve of liquid plasma which has more than satisfied the 
requirements of this hospital. From June, 1943 through October, 
1944 271 bottles (97,850 cc.) of this plasma have been used. At 
present there is a reserve on hand of 204 bottles (71,400 cc.), much^of 
which will be sent to units in more forward areas. Pyrogenic reactions 
accompanying transfusion of this plasma have been frequent, averaging 
about 25 %. There have been no hemolytic reactions. 

Reactions to Blood Transjusims. Transfusion reactions have been 
divided into 3 groups: (1) hemolytic; (2) proteolytic, including allergic 
manifestations of all types and degrees of severity; and (3) pyrogenic, 
including chills and fever as well as fever alone. Of the 2350 trans- 
fusions, 482 have been complicated by reactions, an overall incidence 
of 20.51 %. No reaction has been fatal. The number of reactions of 
each type and their relatNe percentages are shown in Table 2. 

Table 2. — Analysis or Reactions in 2350 Blood Transfusions 


Type of reaction 

No. 

% 

Hemolytic . 

. . 2 

0.085 

Proteolytic . 

. . 79 

3.361 

Pyrogenic . 

. . 401 

17.064 

Total .... 

. . 4S2 

20.510 


The two hemolytic reactions occurred during July, 1943. Both 
were in Chinese patients and were due to errors in typing. An inci- 
dence of 0.085% of hemolytic reactions compares favorably with 
figures reported in transfusion series of comparable size,^''® and with 
0.18% in a series of over 40,000 transfusions collected by Kilduffe and 
DeBakey.'* The laboratory technicians responsible for this record 
deserve much credit. 

An incidence of 3.361% of proteolytic reactions is somewhat higher 
than has been reported in the United States.®-'* It is thought that 
this may be due to a greater frequency of allergic manifestations in 
this area. A similar situation was found in skin disease. Although 
there have been a few instances of moderately severe angioneurotic 
edema, most of these reactions have consisted of mild urticaria. Ana- 
phylactic shock has not occurred. 

Because of tlie lack of adequate equipment and facilities for cleaning 
transfusion apparatus, pjTogenic reactions were relatively frequent for 
many months. Sodium dicliromate and sulfuric acid were not avail- 
able for cleaning glassware and there were no facilities for washing 
glassware or rubber tubing under pressure. Rubber tubing was of 
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necessity used far beyond the usual and desirable time for discard. 
The chief factor causing many of these reactions was the use of 
narrow-neck plasma bottles in Chinese donor sets. Removing pjTo- 
gens from these bottles, whose necks measure 6 mm. in diameter, 
was found to be extraordinarily difficult and uncertain without special 
equipment. 

In August, 1944 adequate materials for cleaning glassware were 
obtained and a device for washing rubber tubing under pressure was 
installed. At the same time it was possible to replace the narrow-neck 
plasma bottles in Chinese donor sets with wide-neck commercial 
solution flasks. The decrease in pjTogenic reactions was dramatic. 
In contrast to an incidence of 22.71 % of chills and fever during July 
and August, 1944 only 4.5% of transfusions were complicated by these 
reactions during September and October, 1944. With further improve- 
ments in cleaning facilities and additional refinements in the cleaning 
technique it is believed that these reactions could be virtually elim- 
inated. The cleaning procedure used was similar to that which 
enabled Lewisohn and Rosenthal® to reduce pjTogenic reactions from 
12%tol%. 

Three of the possible factors investigated in connection with the 
pyrogenic reactions proved to be of little, if any, significance. These 
were: (1) delayed refrigeration, (2) agitation of blood during trans- 
portation by truck, and (3) the open method of giving transfusions. 
The first two factors were eliminated by discontinuing the mobile 
blood prociu’ement team and having the donors report to the hospital 
where the blood was immediately refrigerated without agitation. 
This was done at a time when reactions were frequent among Chinese 
patients, but the incidence of reactions was not reduced, in fact, it 
was higher following the change. 

The open method was still in use after the incidence of reactions 
had been satisfactorily reduced by improvement in the cleaning 
technique, and it, therefore, seems reasonable to conclude that it had 
played little, if any, role in causing the reactions. 

Comment. The blood transfusions herein reported have occupied a 
position of great importance among the therapeutic measures employed 
in this hosi)ital. As has been found in other theaters of operations, 
whole blood is essential for the successful treatment of many battle 
casualties. 

Although the danger of hemolytic reactions resulting from the 
iso-immunization of Rh negative individuals by repeated transfusions 
of Rh positive blood is well recognized, no such reaction has occurred 
in this series. In this regard the opinion of Simmons and Gentzkow® 
“that such reactions will not constitute a serious military problem” 
is of interest. In the Chinese, who are virtually 100% Rh positive,® 
this factor may probably be safely ignored. Rh antiserum (dried) 
has recently been received and its use in protecting American patients 
receiving multiple transfusions is planned. 
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The use of universal donors, condemned by many writers because 
of the danger of hemolysis resulting from the transfusion of incom- 
patible isoagglutinins, has resulted in no hemolytic reactions in this 
series of transfusions in American patients. This corresponds with 
the experience of Harrison^ in World War I and supports the opinion 
of Rosenthal and VogeP that “one should not hesitate to recommend 
this practice for our own troops.” Intragroup transfusions are, of 
course, to be preferred when possible. 

Although not serious in any instance, the frequency of pjTOgenic 
reactions for many months was troublesome, particularly in sick 
patients. Our experience with these reactions emphasizes the im- 
portance of meticulous cleansing of all blood transfusion paraphernalia. 

Summary. 1. An analysis of 2350 blood transfusions given to 
Chinese and American troops at an Army General Hospital in India 
has been made. 

2. "Wliole blood was used in larger quantities than liquid and dried 
human plasma in treating battle casualties. 

3. Type B blood was found to be somewhat commoner in Chinese 
than in Americans. 

4. Proteolytic reactions occurred more frequently than has been 
reported in the United States. 

5. Use of the universal donor for American patients and multiple 
transfusions given without regard for the Rh factor resulted in no 
hemolytic reactions. 

6. A high incidence of pjTogenic reactions due to inadequate facil- 
ities for cleaning transfusion apparatus was markedly reduced by 
institution of improved methods of removing p;vTogens. 
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A SIMPLE TECHNIQtfE OF STERNAL MARROW BIOPSY 
FOR SPREADS AND SECTIONS 

By Elizabeth Mebtens, M.D. 

ASSISTANT INSTBUCTOB IN PATHOLOGY 
PHILADELPHIA, PENNSYLVANIA. 

(From the Division of Pathology, Philadelphia General Hospital, and the Department 
of Pathology, University of Pennsylvania Medical School) 

There are two methods that are usually emploj’^ed to obtain bone 
marrow from the sternum: the aspiration method and the trephine 
method. The aspiration method has .tlie advantage that it can be 
performed with ease. It is a ward procedure which offers little dis- 
comfort to the patient and which can be repeated at frequent intervals. 
The disadvantage of this method is that while the films made from 
aspirated marrow are excellent for the study of cellular details, they 
do not permit an accurate estimation of tlie quantitative relationships 
of the cells nor do they allow a histopathologic study of the marrow 
structure. 



Fig. 1. — Position of syringe during aspiration of bone marrow. 


The trephine method, on the other hand, has the advantage that it 
offers sufficient marrow tissue for a satisfactory histopathologic study. 
The disadvantage of this method is that it is a surgical procedure. It 
requires special equipment, necessitates an incision of the skin, and 
cannot be repeated at frequent intervals. 

During the last year we have devised and used routinely a simple 
technique which not only combines most of the advantages of the 
aspiration and the trephine methods, but eliminates their disadvan- 
tages. Our technique resembles the usual aspiration technique in 
that we puncture the sternum and aspirate marrow tissue and blood. 
It differs from the usual aspiration method in that the blood is allowed 
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Fig. 3.— Complete section tlirough the disk-shaped clot, from a patient with pernicious 
anemia. Note the numerous dark particles of marrow contained in the clot. Azure II 
Eosin, X 8. 
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to clot SO that the tissue particles form a disk which without decalcifica- 
tion can be cut and stained as readily as any other tissue. 

Technique. The site of puncture is a point determined by the mid-line of 
the sternum and a line through the level of the upper margin of the third costal 
cartilage. The skin over this and the surrounding area is prepared by shaving, 
cleaning and appl 3 Tng an antiseptic solution. The skin, subcutaneous tissue, 
and periosteum are then infiltrated with 1% novocaine. When anesthesia is 
complete, the needle, a 15 gauge Osgood sternal puncture needle, is inserted 
vuth the stylet in place, until the anterior lamella of the sternum is penetrated. 
When the tip of the needle has entered the marrow cavity the stylet is removed 
and with very gentle pressure and a slight rotatory motion the needle is 
forced into the marrow cavity at an angle of 30 to 40 degrees for a distance of 
not more than 7 mm. in an adult, or until the tip first meets the greatly in- 
creased resistance of the posterior lamella. A dry 10 cc. syringe is then 
attached and sternal marrow and blood are aspirated until the specimen 
reaches a depth of 2 or 3 mm. in the syringe. It should not be neglected to 
I'emoye the stylet before the needle is forced through the marrow cavity so 
that its lumen gathers marrow tissue in passing. It is important that the 
capillary of the S 3 'ringe tip should have a bore equal in diameter to that of the 
needle so that the marrow particles ivill meet no obstruction in passing from 
the lumen of the needle into the'sjwinge. 

As soon as the material has been obtained, the syringe is detached and the 
stylet returned to the needle in the sternum. The syringe is changed imme- 
diatety from the horizontal position (Fig. 1_) to a vertical one (Fig. 2) and the 
plunger is withdrawn until its distal end is approximately 1 cm. above the 
mouth of the syringe. The specimen is allou'ed to clot in this position. When 
it has clotted well, the plunger is removed completely and the specimen which 
adheres lightly to its distal end is dropped into freshly prepared Zenker’s for- 
mol solution for fixation. 

Inspection of the clotted specimen shows small gray or yellow particles 
which are either concentrated on one or the other surface of the clot or evenly 
dispersed within it dependmg upon the relative specific gravities of the marrow 
particles and the marrow blood. After fixation, tlie specimen is washed, 
dehydrated, cleared and embedded in paraffin in such a way that the greatest 
number of marrow particles are exposed for section. The sections are made 
and stained with Azure II Eosin by routine methods. 

If films are desired, the needle is withdrawn until its tip is at the level of 
the anterior lamella, the stylet is then removed and the needle is reinserted 
into the marrow cavity as before, but in a slightly different direction. A 
second syraige is attached and a second specimen aspirated. W''hen the syringe 
has been detached the stsdet is reinserted and the sternal needle removed as a 
collodion dressing is apphed. 

Results. Some results obtained with our method are presented in 
Figures 3 to 6. Figure 3 shows a complete section through the disk- 
shaped clot; the particles of marrow appear dark in the illustration. 
Figure 4 shows comparatively few small- particles of marrow, while 
Figure 5 represents a biopsy containing many large pieces. Figure (i, 
finally, represents a higher magnification of Figure 5; the latter shows 


Legex-ds fob Fxgs. 4, 5 and G. 

Fig. 4. — Section through clot containing comparatively few small marrow particles’ 
from patient suffering from post-hemorrhagic anemia. Azure II Eosin, X 80. 

Fig. 5. — Section through clot containing many -large marrow particles, from patient 
suffering from subacute bacterial endocarditis. Azure II Eosin, X 80. 

Fig. C. — Same ns Figure 5. X 640. 
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an i^ammatory response in a patient with subacute bacterial endo- 
carditis. 

Summary. A simple technique of sternal marrow biopsy is described 
which combines the* advantages of the aspiration and the trephine 
methods. Figures 3 to 6 show representative results obtained with 
this method. 

THE EFFECT OF VITAMIN Ki OXIDE UPON THE ANTI- 
COAGULANT PROPERTIES OP DICUMAROL* 

By Charles S. Davidson, M.D., C.M. 

John H. Freed, M.D. 

AND 

Harriet MacDonald, B.S. 

BOSTON, JtASSACHBSETTS. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
[Harvard], Boston City Hospital, and the Department of Medicine, 

Harvard Medical School) 

Dicumarol [3-3'-methylenebis (d-hydroxj'coumarin)] has been used 
, as an anticoagulant in disease conditions in which diminished coagula- 
bility of the blood is desired.^-*-®’'* The clinical usefulness of dicumarol 
is limited by the slow and difficult reversibility of the impaired blood 
coagulability as evidenced by a prolonged coagulation time.® The 
action of dicumarol may be contrasted with that of heparin after the 
injection of which the prolonged blood coagulation time may be 
brought at once to normal by the administration of suitable amounts 
of protamine.® 

Overman, Stahmann and Link" were able to show an antagonistic 
action of the vitamin K-like substance 2-methyl-l, 4-naphthoquinone 
to dicumarol administered to rabbits. Shapiro® and Davidson and 
MacDonald® confirmed this in man, the latter authors using the oxide 
of vitamin Ki. 

The amount of dicumarol used by these investigators was below 
that required to prolong the blood coagulation time significantly, 
although the prothrombin time w'as prolonged in all instances. Lucia 
and AggeleF® demonstrated the effectiveness of vitamin Ki oxide in 
returning the coagulation time to normal in 1 patient given dicumarol 
in sufficient amounts to produce prolongation of the coagulation time. 
The present report is concerned with the effect of the administration 
of vitemin Ki oxide upon the h/ond coagtilaiion time of patients who bad 
been given dicumarol in amounts sufficiently large and for a sufficiently 
long time to prolong the blood coagulation significantly above normal. 

Methods. The venous blood coagulation time was measured in glass tubes 
at 37° C. by a modification’^ of the method of Lee and Wffiite’^ (normal values 
6 to 12 minutes). The prothrombin time was measured by a modification"'' 
of Quick’s method.*^ The thromboplastin used in this test clotted normal 
plasma in from .20 to 25 seconds. 

* The expenses of this investigation were defrayed in part by a grant given ‘Tn 
recognition of Dr. Francis W. Pealxidy’s Services to the Foundation," by the Ella Sachs 
Plotz Foundation. 
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Dicumarol* -was administered orally in gelatin capsules. Vitamin Ki 
oxide was given intravenously in an alcohol-water emulsion preparep 
by a modification® of the method of Seligman.^® 

Results. Eleven patients were given dicumarol orally in varying 
amounts. Four patients had evidence of thrombophlebitis, 1 with 
obstructive jaundice as well. The remaining 7 patients were con- 
valescing from acute illnesses. Their ages were from 43 to 75 years. 



Fig. 1, Antagonistic effect of vitamin Ki oxide upon tlie anticoagulant effect of 
dicumarol in 5 patients. ■ 


_ From 3 to 21 days after the administration of from 1 to 3.6 gm. of 
dicumarol, the blood coagulation time, which had been within normal 
limits, became prolonged (over 12 minutes) in all 11 patients. The 
initial dose of dicumarol was from 0.5 to 1 gm., followed usually by a 
daily dose of 0.2 gm. One patient. No. 8, was. given 0.8 gm. of dicu- 
marol initially and thereafter the dosage was regulated to maintain his 
prothrombin time between 30 and 60 seconds. One patient, No. 11, 
after 8 days of therapy had a sudden and severe gastric hemorrhage 
and died before remedial therapeutic measures could be instituted. 
His coagulation time, the day of his death, was elevated to 18-^- minutes. 

* Kindly fumisbed by the Abbott X*sbonitories, 2^orth Chicago, 111, 
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To the remaining 10 patients from 0.5 to 3 gm. of vitamin Ki oxide 
was given intravenously in from 1 to 2^ hours. The blood coagulation 
time returned to normal in from 3 J to 36 hours in each of these patients 

(Fig. 1). 

Of the 10 patients given vitamin Ki oxide, 3 (Nos. 1, 2 and 5) were 
given 0.2 gm. of dicumarol without interruption for 6, 8 and 12 days 
thereafter. The coagulation time remained normal in the patient to 
whom administration of the drug was continued for 2 days. The 
patient to whom administration was continued for 6 days (No. 5) had 
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Fig. 2.— Antagonistic effect of vitamin Ki oxide upon the anticoagulant effect of 
dicumarol in spite of continued administration of dicumarol. 


a normal coagulation time for 5 days, but on the 6th day his coagulation 
time rose to 16 minutes. Patient 1 was given 0.2 gm. dicumarol daily 
for 8 days (Fig. 2) and was then given 1 gm. of vitamin Ki oxide. C)n 
the next daj-^ he was given an additional 0.8 gm. of dicumarol, but in 
spite of this his coagulation time remained normal for the succeeding 

8 days. 

Discussion. The action of large amounts of vitamin Ki oxide m 
reversing the hypoprothrombinemia induced by dicumarol is equally 
effective in reversing the prolonged coagulation time in the 10 patients 
reported here. This effect is seen even if the administration of dicu- 
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marol is continued after the vitamin Ki oxide has been given. How- 
ever, after the administration of vitamin Ki oxide, normal blood 
coagulation times did not occur for from 3| to 36 hours. Thus the 
control of the abnormal blood coagulability is not rapid enough to pre- 
vent excessive loss of blood if brisk hemorrhage were to ensue. This is 
clearly illustrated in Patient 11 who died of hemorrhage. In his case 
had heparin been used instead of dicumarol it might have been possible 
by the use of protamine to bring his coagulation time to normal and 
stop the bleeding. Therefore, it seems evident that if a prolonged 
blood coagulation time is desired and dicumarol is used, control of 
the coagulation time must be sacrificed to a dangerous degree. 

Clinical evidence is accumulating which suggests that at least to 
prevent phlebothrombosis postoperatively, doses of dicumarol small 
enough to prolong the prothrombin time, but not the coagulation time, 
may be effective.^® If these reports are substantiated it may be 
that such a use may be an important contribution to therapeutics. 
Nevertheless, when reduced blood coagulability of a greater degree is 
desired as after vascular surgery, the lack of control using dicumarol, 
even with vitamin K, makes it an unsafe drug for use at present. 

Summary. 1. The prolonged blood coagulation time following the 
ingestion of dicumarol was returned to normal in from 3| to 36 hours 
by the intravenous administration of large amounts of vitamin Ki 
oxide in 10 patients. 

2. This effect was evident in spite of the continued administration of 
dicumarol. 

3. Following the administration of dicumarol 1 patient died of severe 
bleeding before control could be instituted. 

4. The use of dicumarol in conditions requiring prolongation of the 
blood coagulation time is at present still dangerous because of lack of 
control. 
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HNAL NOTE ON A EEPOETED CASE OF EEYTHEEMIA, 
GOUT AND SUBLEUKEMIC MYELOSIS 

By George H. Reifenstein, M.D. 

ASSOCIATE PEOFESSOK OF PATHOLOGY 
BYEACUSE, NEW YORK. 

(From the Department of Pathology, Syracuse University College of Medicine) ' 

In 1939 I reported in this journal a case of erythremia, gout, anemia 
and the blood smear and bone marrow characteristics of subleukemic 
myelosis in a female patient observed during a 5-year period The 
statement was made that “the subsequent course may determine the 
proper designation/’ In view of the fact that the further clinical 
course and autopsy findings of this patient are available, this subse- 
quent report is presented.* 

Subsequent Clinical Ohservations, After discharge from the hospital in 
April, 1938, the patient continued to show severe anemia, splenomegaly, 
considerable dyspnea, some pain in the lower sternum and slowly lost weight. 
In November, 1939 she was admitted to a hospital because of recurrence of a 
lesion on her nose, and persistent splenomegaly and anemia. Examination 
showed slight wasting, marked pallor, a small basal-cell carcinoma of the 
nasal tip, no palpable lymph nodes and a non-transmitted systolic murmur at 
the cardiac apex. The lower border of the spleen reached below the iliac 
crest, the right border extended at least 4.5 cm. beyond the umbilicus, and 
the spleen was described as “hard and rocky’ and “projecting anteriorly in 
a manner not unlilce pregnancy.” There were many varicosities in the lower 
extremities and^ tophi palpable in the dorsum of the distal phalangeal joint of 
each first phalanx of the feet. Examination otherwise was not remarkable. 
At that time the er 3 d;hrocytes were 2,800,000 per c.mm., hemoglobin 43_%, 
and the leukocytes 7100 (45% neutrophils, 27% band cells, 1% eosinopliils, 
7 % small lymphocytes, 1% “young monocytes,” 8% neutrophilic myelocytes, 
5% metamyelocytes, 2% “young cells,” and 4% “stem cells”). Other studies 
showed icteric index 12.5, blood uric acid 12 mg., N.P.N. 27 mg. per 100 cc., 
and metabolic rate + 68. 

The patient received blood transfusions but gradually became weaker. 
A splenic puncture showed what was described as “myeloid metaplasia.” 
A sternal biopsy showed “a hyperactive marrow with megakaryocytes.” She 
received 200 r high voltage Roentgen ray in divided doses directed to the 
anterior splenic area. In Februarj’-, 1940 the erythrocytes were 2,460,000 per 
c.mm., hemoglobin 48%, and leukocytes 3800 per c.mm. There was no 
significant change in splenomegaly. The patient was discharged and died 
in March, 1940, approximately 8 years after she first noted a left abdominal 
mass. 

Autopsy (significant features of gross findings). External examination 
showed marked pallor and slight icterus. There was no palpable lymphaden- 
opathy. The subcutaneous tissues of the trunk were wasted and edematous. 
The periloneal cavity contained approximately 200 cc. of clear straw-colored 
fiuid. The right 'pleural cavity contained approximately 1200 cc. of clear 
straw-colored fluid, the left pleural cavity approximately 1000 cc. and the 
pericardial cavity approximately 50 cc. of similar fluid. T!\\q heart ^veiglled 
300 gm. and was greatly dilated. TJbe myocardium was sbghtly paler and 

softer than usual. The liver (1800 gm.) was smooth and bro^smish and had 

\ . ;; 

* I am indebted to Dr. S. C. DaloTuplo.-'Newton, Mass., and Drs. Shields Warren 
and R. W^ Rawson, Boston, whose kind cooperation has made available the subsequent 
clinical observations, gross autopsy findings and tissue for microscopic study. 



REIFENSTEIN: ERYTHREJIIA, gout and SUBLEUKEanC aiYELOSIS 639 

an appearance suggestive of considerable hemosiderin deposition. Its edge 
was 4 fingerbreadths below the costal margin; the left lobe was 5 fingerbreadths 
below the ensiform cartilage, extending well into the left quadrant. The 
spleen (1290 gm.) was greatly enlarged, the anterior pole lying almost to the 
midline at the level of the umbilicus. Its capsule was smooth except for two 
small areas of infarction on its upper border. These areas measured approx- 
imately 2 cm. in diameter and were deep red and reddish gray in color. The 
remainder of the spleen was firm and reddish vdth innumerable irregular 
deeper red patches throughout. The left kidney weighed 100 gm.,_the right 
120 gm. Cut surfaces appeared pale vuth slight cortical narrowing. The 
calices and pelves showed no dilation and contained brovmish granular material. 
In the left kidney pelvis was a lima bean-sized stone of similar material measur- 
ing 2 cm. in length. Chemically it showed a nucleus of uric acid with an 
outside coating of uric acid and ammonium urate. The ureters were edematous 
but not dilated. The mesentery contained a few small scattered pea- and bean- 
sized nodes which were soft, white and grossly not remarkable. The portal, 
superior mesenteric and splenic veins were without evident lesion. Rib, 
vertebral and femoral marrow was deep red; that in the femur seemed gritty. 
The lungs, pancreas, adrenals, bladder, uterus, tubes, ovaries, thyroid, esoph- 
agus, stomach, small intestine and large intestine were without evident lesion 
except for slight edema of the wall of the gastro-intestinal tract. 

Microscopic Findings. Sections of spleen showed an increased amount 
of pulp diffusely infiltrated with large numbers of early leukocjries of the 
myeloid series with scattered foci of nucleated red cells. The sinusoidal 
endothelium was prominent. "Germinal centers” were preserved but less 
frequent than usual. The liver sinusoids contained less prominent foci of 
mj'^eloid cells with some myelocytes, metamyelocytes and young neutrophils, 
•Sections of bone marrow from various sites showed marked diffuse cellularity, 
mainly marked erythrogenic hematopoiesis with frequent foci of m3feloi(i 
hematopoiesis. Megakaryocytes were numerous. Sections of other organs 
showed no significant findings. 

The final diagnoses were: extramedullary hematopoiesis of the spleen 
(marked) and liver (moderate); marked splenomegaly; hyperplasia of the 
bone marrow; anemia; edema, hydrothorax, slight ascites and slight hydro- 
pericardium; cardiac dilation; splenic infarction; and uric acid calculus of the 
left kidney pelvis. 

Comment. M^’^eloid metaplasia of the spleen has come to be recog- 
nized as a fairly frequent condition wdiich may mimic various blood 
dyscrasias. The clinical features and autopsj'- findings of this case 
parallel those described as “agnogenic myeloid metaplasia of the 
spleen” bj”^ Jackson, Parker and Lemon. ^ A long series of experiments 
dealing with benzol (benzene) poisoning in the rabbit, carried on by 
IVeiskotten and his associates,®"® has not showed a comparable degree 
of hematopoiesis in the rabbit spleen. However, toxicologic investiga- 
tions®-® indicate that myeloid metaplasia of the human spleen fre- 
quentlj'^ is associated with clironic benzol* poisoning. Opinion has 
been expressed that a relationship between mjmloid metaplasia and 
leukemia cannot be excluded.®-® Several other cases of myeloid 
metkplasia of the spleen studied in this department have presented 
similar autopsj^ findings and clinical courses easily confused with 
leukemia or various types of anemia. One of these cases had a history 
of exposure to a compound relrited to benzol. In the case reported, 
I know of no history of chronic exposure to benzol. The patient 

* TJip tenn “benzol” is used here’ in the sense of its usage by Malloiy, Gall and 
Bnckley,- to ineiiii the ordinary commercial benzol rather than the chemically pure 
•product (benzene). 
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received Fowler’s solution during her initial polycythemic phase and 
radiation over the splenic area terminally. 

Summary. Through 8 years, this patient had successively splen- 
omegaly, erythremia, anemia, and blood smear and bone marrow 
characteristics of so-called subleukemic myelosis. At autopsy, exten- 
sive myeloid hematopoiesis of the spleen, moderate myeloid hemato- 
poiesis of the Iwer, and bone marrow hyperplasia, particularly eryth- 
rogenic, were found. It was thought that these features perhaps 
represent successive stages of a single hematopoietic disorder of unknown 
etiolog}^ Conditions associated with splenic myeloid metaplasia, 
such as chronic benzol exposure, are discussed. Gout was regarded as 
probably a coincidental feature. 
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PERIARTERITIS NODOSA 
A CASE With Autopsy 

By Lt. Col. Richard N. Washburn, M.C., A.U.S. 

Aim 

Major Thomas 0. Otto, M.C., A.L’.S. 

APO 887, c/o postmaster, new YORK, new YORK. 

Periarteritis nodosa is a relatively rare disease, described fir-st by 
Kussmaul and Meier in 1866, and characterized pathologically by 
panarteritis of the medium-sized and small arteries throughout the 
body. The clinical symptoms, which are protean, depend upon the 
.system which is the most affected in the development of the disea.sp. 
The etiology is not definitely known, but the pathologic findings 
of polymorphonuclear and round cell infiltration in the adventitia and 
media of the affected vessels point toward an infectious basis. Recently 
Rich and Gregory have pointed out the role of hypersensitivitj’’ in the 
etiologj^ of the condition. 

The following case is reported because of its occurrence with rapidly 
fatal manifestations in a previously healthy young soldier who did not 
break down until after the stress of combat. 

Case Report, A 21 year old artillery private, native of Washington, D. C., 
reported to his battalion surgeon on June 25, 1944, in France, complaining of 
abdominal pain and nausea, of a few hours duration. The patient had a fever 
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of 100° F. (37.8° C.). A diagnosis of acute appendicitis was made and the 
patient was evacuated to a clearing station. Operation was not performed 
and the patient was sent through the chain of evacuation to the United King- 
dom, arriving at this hospital on July 6, 1944. The past history revealed 
nothing of significance except seasonal hay fever. The patient’s complaints, 
11 days after the onset of the initial symptoms, consisted of moderate pain in 
the upper right quadrant, moderate weahmess, and anorexia. Physical exam- 
ination revealed moderate emaciation, fever of 99.5° F. (37.5° C.), tenderness 
and a rather indefinite, deep, firm mass in the upper right quadrant of the 
abdomen, extending from the epigastrium to the right flank and 10 cm. below 
the costal margin. The heart and lungs were not remarkable. There was no 
lymphadenopathy nor edema of the extremities. Rectal examination revealed 
no abnormalities in the anus or lower rectum. The blood pressure was 138/84. 
The skin was normal. 

Laboratory Studies. Roentgen studies of the chest, stomach, duodenum and 
colon revealed nothing remarkable. Proctoscopic examination revealed no 
ulcerations, polyps, or tumors in the descending colon. Stool examination 
and culture revealed no parasites or ova. A blood count on July 8 revealed 
the following: RBC 3,330,000, WBC 14,650 (neutrophils 88%, lymphocytes 
12%), Hb 76% (11 gm.) (Sahli). Urine examination revealed normal findings. 

In view of the secondary anemia blood transfusions of 500 cc. of compatible 
bank blood were given on July 13 and 15. In spite of the transfusions, blood 
studies on July 15, 1944, revealed RBC 3,120,000, Hb 70%, WBC 15,100 
(neutrophils 90%, lymphocytes 10%). 

The patient continued to complain of pain in the abdomen and did not 
improve under medical measures. On July 15, 1944, a laparotomy was per- 
formed, preceded by a transfusion of 500 cc. of compatible bank blood, and 
alkalinization by means of sodium lactate. The tentative diagnosis before 
operation was subacute perforation of a duodenal ulcer or acute suppurative 
cholecystitis. Under gas-oxygen-ether anesthesia, with upper right rectus 
incision the following lesions were noted: the liver was markedly enlarged, 
the inferior margins rounded, extending 10 cm. below the costal mar^n. 
The enlargement involved all lobes and the palpable mass before operation 
was found to be the quadrate lobe. The capsule was smooth, glistening, and 
did not appear cirrhotic. The color was mottled red-brown, and darker than 
normal. There were numerous dense, fibrous adhesions between the dome of 
the right lobe and the diaphragm. The spleen was slightly enlarged, of nor- 
mal consistency, and the margins rounded. The stomach, duodenum, kidneys, 
entire small and large intestine and appendix appeared normal. The mesen- 
tery^ and retroperitoneal lymph nodes showed no patholo^c changes. The 
omentum was delivered from beneath the liver margin with difficulty after 
freeing pericholecystic adhesions. The gall bladder was moderately enlarged, 
thick-waUed and the peritoneal surface was gray-white in color. The wall 
was edematous throughout and free from any e\ndence of gangrene or per- 
foration. No calculi were palpated in the cystic or common ducts. In view 
of the ob^^ously pathologic changes in the gall bladder, it was felt that the 
liver changes might be secondary to acute suppurative cholecj'stitis and chole- 
cystectomy was carried out. Examination of the gall bladder after removal 
revealed a large thrombotic area situated intramurally in the posterior aspect 
opposite the ampulla. Gross section revealed no e\ddence of calculi, but the 
mucosa was of “strawberry” appearance with no e\ddence of necrosis. The 
wound was closed in layers and Penrose drainage was instituted from the 
foramen of Winslow. The patient e^^denced mild shock postoperatively and 
whole blood was given during and immediately after the operation. 

The postoperative convalescence was uneventful until the 7th day. The 
patient’s temperature was normal 2 days after operation, pulse and respirations 
were normal, his appetite returned and he was anxious to get out of bed. On 
the 7th night the patient suddenly became dyspneic and orthopneic. Cyanosis 
was noted, and the superficial veins of the forehead and neck became engorged. 
Physical examination disclosed coarse rales and rhonchi throughout both lung 
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fields is-itli dullness in botli bases. The cardiac borders were slightly widened 
both to the right and left. The heart rate was rapid, the apex rate being 160, 
Blood pressure was 160/100. There was gallop rhythm. A roentgenogram of 
the chest next morning disclosed dilation of the right auricle and ventricle 
and marked passive congestion of both lungs. Rapid digitalization was car- 
ried out, oxygen therapy was instituted, and the usual treatment for cardiac 
failure given. Examination of the abdomen showed the operative wound to 
be intact and not infected. The liver border was palpated 8 cm. below the 
costal margin. The patient held his own on 8th day, the pulse rate dropping 
to 108, but the gallop rhythm persisted. There was marked diminution of 
rales in the lungs, and it was felt that he might survive. Next day the patient 
was brighter, _ the pulse was 100, gallop rhythm still present. An electro- 
cardiogram disclosed changes characteristic of myocardial failure. The NPN 
of the blood was 60 mg./lOO cc. of blood. At 1715 hours on the ninth post- 
operative day, while talking to a ward attendant who was feeding him, the 
patient suddenly expired. 

Autopsy (2 hours after death). Only the significant findings are presented. 

Heart. The epicardial surfaces were smooth and glistening. ■ The right 
auricle was dilated to approximately 4 times normal size. The tricuspid valve 
was competent and there were no scars or vegetations present. The right 
ventricle was slightly dilated and the wall thickened slightly. The pulmonary 
valves were competent and the endocardial surfaces smooth. The endocardial 
surface of the right auricle was smooth and ghstening. There were a few 
postmortem thrombi on the right ventricular wall. The left auricle was 
normal in size and appearance. The foramen ovale is closed. The left ven- 
tricle was normal in size and the endocardial surfaces smooth arid glistening. 
The mitral valve was normal. There were a few small yellow plaques of 
atheroma in the region of the aortic ring. The aortic valves were normal. 
Cut surfaces through the interventricular septum and through the walls of the 
ventricles revealed a reddish gray surface, which was lighter in color than 
normal. The coronary arteries -were grossly thickened on section and there 
were a few thrombi present in the anterior descending branch of the left 
coronary artery. 

Lungs. Both lungs were edematous and boggy. There were no thrombi 
in the pulmonary vessels and the bronchi and bronchioles appear normal. In 
the left lower lobe, inferior surface, there was an area of recent hemorrhage 
measuring approximately 2 by 2 cm. No thrombus could be demonstrated in 
the efferent or afferent blood-vessels to this area. 

Liver. The liver was markedly enlarged, rather soft in consistency, and 
the superior surface of the right lobe is adherent to the diaphragm bj-^ dense 
fibrous adhesions. The markedly eiJarged left lobe was adherent to the 
spleen and the gastro-cohc omentum by firm fibrous adhesions. The omentum 
was densely adherent to the gall bladder bed and to the inferior surface of the 
right and left hepatic lobes. When the liver was removed from the peritoneal 
cavity there were many areas of dense fibrous tissue radiating from foci of 
scarring in the capsule. Cut surfaces of the scarred areas in the capsule 
disclosed multiple roimd and oval-shaped areas of necrosis surrounded by 
definite capsules. These areas measured from 3 bj”^ 3 cm. to tiny areas of a 
few mm. in diameter, hlost of the infarcts w^ere subcapsular and were scat- 
tered throughout both right and left lobes. Branches of the hepatic and 
portal blood-vessels throughout the liver were thickened and in the left lobe 
there were well-organized thrombi in the largest branches of the portal vein. 
The inters^ening fiver tissue between the necrotic areas appears essentially 
normal on e.xamination. 

Spleen. The spleen appeared normal in size and texture. Near the lower 
pole there were a few fibrous adhesions to surrounding structures. The cut 
surfaces revealed a dark red, rather firm parenchjmia. There were no infarcts 
or necrotic areas in the spleen, nor e^ridence of hj'perplasia of the pulp. 

Pancreas. This organ appeared normal in .size and color, but felt slightly 
more firm than normally. The splenic vessels were patent throughout. 
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Adrenal Glands. The right adrenal was markedly thinned-o_ut and adherent 
by fibrous adhesions to the inferior aspect of the enlarged right lobe of the 
liver. No medullary tissue was present grossly and the cortex was a,pproxi- 
mately 1 mm. in thickness. The left adrenal appeared normal in size and 
texture and the cortical and meduUary markings were well preserved. 

Kidneys. The right kidney was smaller than normal. The perirenal fat 
was miniTnal and there were old scars on the capsule of the kidney. The 
kidney appears pale and softer in consistency than normal. The capsule 
stripped with difficulty and was adherent to the cortex by adhesions over the 
areas of scarring. Surfaces made by cutting revealed a gray cortex, narrower 
than normal, and in which there were multiple triangular-shaped areas of 
necrosis. The bases of the triangles were subcapsular while the apices were 
directed toward the pelvis. These areas varied in size from 2 to 4 mm. in their 
greatest extent. The meduUary portion of this kidney was streaked with gray 
fibrotic laminffl radiating from the pelvis. The pelids is normal in size and 
studded "with pin-point hemorrhages in the mucosa. The ureter was normal. 
The left Mdney resembled the right and contained multiple subcapsular 
necrotic areas which produced scarring of the overlying, capsule. 

The gaslro-inteslinal tract appeared normal throughout. 

The inferior vena cava, mesenteric vessels, and those branches of the portal 
system below the hepatic portion were patent throughout their waUs and did 
not appear thickened. 

Microscopic Examnation (by Lt. Col. D. Murray Angevine, Medical 
Corps, A.U.S.). 

Lung. The bronchioles are patent and slightl3’^ coUapsed. The alveolar 
septa are moderately thickened by hyperemia and edema with considerable 
sweUing of the epithelium. Most alveoli are fiUed with edematous fluid ; many 
are filled by a hj'^aline-like membrane. In one section an extensive fresh intra- 
alveolar hemorrhage is seen, with a few adjacent alveoli fiUed by partly organ- 
ized fibrin coagulum. Several small vessels contain unattached thrombi. 

Heart. The subepicardial fat was extensively infiltrated with round cells. 
In the myocardium numerous sUghtly degenerated muscle cells are seen. 
Adjacent to several small branches of the coronary artery, the muscle cells are 
considerably degenerated mth a slight round cell infiltration and vasculariza- 
tion of the interstitial tissue. In a large branch of the coronarj^ artery the 
lumen is partly occluded by a recent thrombus, adherent to an eccentricallj' 
thickened hyaUnized slightlj" degenerated intima containing considerable fresh 
hemorrhage. The adventitia and outer fringe of media is extensivelj’’ vas- 
cularized and moderately infiltrated with round cells, plasma cells and a few 
eosinophils. 

Liver. In one section is seen a large vessel complete^’^ filled by a laminated 
compact adherent thrombus, ■vdth organization of the peripherj\ The media 
and adventitia are moderately vascularized and slightly infiltrated with round 
cells. There is considerable centrilobular congestion and parencbjunal degen- 
eration in the adjacent tissue. A similarlj’’ affected vessel, with more extensive 
vasculpization is observed in a second section, with an extensive centrilobular 
necrosis, containing many pigment-laden histiocytes. 

Gall Bladder. The epithelium is extensively desquamated. In the fibro- 
muscular layer the adventitia of everj-^ artery is considerably thickened bj" an 
extensive infiltration of eosinophils, leukocytes, monocytes and round cells 
and with moderate vascularization. In several vessels, the intima is slightlj' 
thickened, and the endothelial cells are distended and ballooned by intra- 
cytoplasmic perinuclear vacuoles. 

Cystic Artery. One large and several smaller branches of the artery are 
observed, joined together by a granular-like tissue continuous vdth the thicL 
ened vascularized adventitia, and extensively infiltrated with eosmophils, 
and round cells. The large and few small branches are filled with thrombi. 
The intima is considerablj' thickened and vascularized in a few small vessels. 

Pancreas. Numerous arteries are thickened and inffltrated similarly to those 
described in the liver and gall bladder. In a few small arteries the lumen is 
nearlj' occluded bj’- a thickened intima. 
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Adrenal. In the periadrenal adipose tissue, several arteries are conspicu- 
ously thickened by a vascularized fibrosed adventitia and a greatly thickened 
hyalinized intima. 

Kidney. In one section an area of coagulation necrosis is observed in the 
cortex adjacent to the capsule. The adventitia of the interlobular arteries 
is infiltrated with round cells and vascularized. In many the intima is thick- 
ened and the lumen narrowed. An interlobular artery is filled with a recent 
thrombus. 

Comment. (Lt. Col. Angevine). “The extensive visceral vascular 
lesions, confined to the medium-sized arteries and affecting mainly the 
adventitia, indicate that this is a case of periarteritis nodosa. The 
almost complete involvement of the gall bladder vessels is an interesting 
finding in relation to the clinical history of suspected cholecystitis. 
The vascularity and extensive inflammatory exudate wdth moderate 
fibrosis are consistent with an early stage of the disease. The case 
will be coded as: periarteritis nodosa, early.” 

Summary. A fatal case of periarteritis nodosa with vascular lesions 
in several viscera has been presented. Nothing was brought to light 
as to the etiology. The history of hay fever might be significant in 
view of the recent work of Rich and Gregory. The remarkable feature 
of this case is the absence of symptoms until shortly before the final 
illness. 
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CALCIFIC AORTIC VALVULAR STENOSIS 

By Lawrence H. Sophian, M.D. 

SENIOR SURGEON (b) U.B.P.H.S. 

U. S. MARINE HOSP., U.8.P.H.S., STATEN ISLAND, NEW TORE. 

The purpose of this communication is to report the occurrence of 
an unexpectedly large number of instances of calcific aortic stenosis 
among autopsies at a U. S. Marine Hospital, to present significant 
data concerning this condition, and to attempt an etiologic subdivision 
of the cases. 

After a period of service, the autlior became aware of the strikingly 
increased incidence of deformities of the aortic valve in the material 
at this hospital compared with that seen in private and municipal 
hospitals. The material forming the basis of this paper— 31 examples 
of fibro-calcific deformities of the aortic valve — was derived from 500 
consecutive autopsies. Hall and Ichioka*^ also described 31 cases of 
the same type, but their autopsy volume is estimated at 4000 or more. 
Reich* reported 22 examples of aortic deformity with calcification 
(cases of mitral stenosis were excluded) derived from 8 years’ post- 
mortem material at Kings County^ Hospital, a total of about 10,000 
autopsies. No explanation is offered for the heightened frequency of 
the condition at the Marine Hospital; but factors of age, sex and occu- 
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pation are suspected. Our patients are predominantly male adults 
and a high proportion are seamen. Scandinavians are much more 
numerous than in the population at large. The average age of our 
deceased patients is 49 years. 


Table 3. — Analysis and Incidence op Calcific Aobtic Stenosis in 

500 Autopsies 


Total valvular heart diseases 57 

Cases of, calcific aortic stenosis 31 

Number of these showing mitral endocarditis .... 17 

Etiology of calcific aortic stenosis by pathologic criteria: 

Entirely or predominantly rheumatic 17 

Associated with severe arteriosclerosis 1 

Entirely or predominantly atherosclerotic 14 

Associated with diabetes 2 

Associated with rheumatic lesions 2 


The inclusion with.-' our cases of instances in which other valves 
besides the aortic were diseased was decided upon because the two 
principal etiologic bases are rheumatic fever and arteriosclerosis. 
Since in the age group under consideration both of these diseases are 
frequent, it was obvious that all examples of aortic stenosis should be 
included, both with and without involvement of other valves by the 
same or another process. In these 500 autopsies there were found 57 
hearts with valvular diseases, excluding only the characteristic aortic 
deformity associated with luetic aortitis. Of these cases, 40 showed 
varying degrees of mitral stenosis, and 31, including some of the mitral 
stenosis cases, showed calcific aortic stenosis. A further analysis of 
the types of aortic valvular damage is made in Tables 1 and 2, and a 
summarj’’ of the conditions found and their association with one another 
appears in Table 3. 

After tabulating thei'pase^ and enumerating the anatomic and 
histopathologic details iri'-'each, it became apparent that a decision 
was required concerning the significance of several of the observations 
before a pathogenetic classification could be accomplished. Hall and 
Anderson^ and Karsner^ have reported that a majority of all hearts 
show typical rheumatic lesions if carefully examined for them. There- 
fore it has seemed to us that the use of rheumatic stigmata of the 
pericardium, myocardium and other cardiac valves as a basis for 
deciding upon the etiology’’ of calcific aortic stenosis is unreliable. 
A better way to determine the rheumatic etiologj" of aortic valve 
lesions is to find the specific anatomic and histopathologic changes 
in the cusps and ring of the aortic valve itself. On this basis the 
17 cases in Table 1 have been classified as rheumatic and the 14 cases 
in Table 2 as sclerotic. 

The lesions included in Table 1 are variable in severity, reducing 
the aortic orifice moderately or severely. In some there are fiat 
calcific plaques in the sinuses of Valsalva, thickening and stiffening 
the aortic cusps. In others this is combined with massive calcific 
nodules, or spiky encrustations on both aortic and ventricular surfaces 
of the cusps, sometimes with erosion of tlie intima and deposition of 
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fibrin thrombi. Fusion of the cusps is of variable severity, and results 
in the formation of a dense triangular diaphragm or a false bicuspid 



F'tti. 1. — Case 1092. Classified as rheumatic in etiology because of the bicuspid type 
of deformity, with thick rolled cusp margins (seen where the clamp is attaclied) and the 
histologic pathology'. Moderate mitral valve deformity is present. 



Fig. 2.— Case 956. Nodular calcification of all aortic cusps with the formation of a 
rigid funnel-shaped orifice. This heart showed mitral stenosis and histologic evidence 
of old rheumatic infl.ammation. 


valve. The commissural lesions are broad and dense. The margins 
of the cusps and the closure line are least aft'ected. Ilistologically the 
intima of the sinuses and cusps is thickened by edema and fibrillary 
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reduplication, with deposition of lipoid material in the subendothelial 
tissue. Phagocytosis of the lipoid occurs in plaques. The fibrosa of 
the cusps near their base becomes thickened and hyalinized. Foci of 



Fiq. 3.— Case 1243. The cusps are rigid and partly fused by dense fibrosis in the 
commissures. Luetic aortitis is present but tlie liistologic studies show ttiat the valve 
deformity is sclerocalcific (Monckeberg’s type). 



Flo. 4. — (This case is not in the series because there is no stenosis.) The earlj' scler- 
otic and focalb’ calcific thickening and degeneration seen at the cusp attachments to the 
aortic wall are regarded as the beginnings of Monckeberg’s sclerosis and are presented 
for comparison. 
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calcification occur in this layer and in the adjacent aortic ring. Osseous 
metaplasia is observed in some advanced lesions. The calcific masses 
impinge upon and may ulcerate through the ventricularis or arterialis 
of the valve. The spongiosa at the attachment of the cusp is usually 
narrow and shows few vessels and only a scattering of l 3 Tnphocytes. 

In Table 2 are listed the aortic deformities which in our judgment 
have the gross and microscopic appearances of rheumatic lesions. 
Many of them show considerable atheromatous degeneration and 
sclerosis superimposed upon the primary process. Although again 
there is wide variation in degrees of deformity, the usual lesion con- 
sists of shortening and thickening of the cusps in their distal portions, 
with nodularity along the closure line. The margins are rolled or 
inverted. The commissures are bridged by light fibrous bands. Bi- 
cuspid deformity is produced by intimate fusion of adjacent cusps, 
leaving a low fibrous ridge in the combined sinus of Valsalva thus 
formed. The histopathologj'' is that of rheumatic fever. The principal 
features are Aschoff bodies, fibrinoid degeneration (with material 
present taking fibrin stains), arteriolar necrosis or disorganization, 
peri-capillarj' or peri-arteriolar exudation of lymphocytes and cardiac 
histocytes, and focal hyaline acellular scars. The sub-endocardial 
layer of the ventricular surface of the cusps and the spongiosa at the 
base of the cusps are characteristically the sites most involved. 

The age incidence in the tw'o groups is in a range from 43 to 78 
years in the sclerotic, and 34 to 67 in the rheumatic cases. All were 
males. A history of an illness or symptom of the types generally 
recognized as associated with rheumatic infection was obtained in 
13 of the 17 cases grouped as rheumatic on anatomico-histologic 
grounds, and in 3' of the 14 cases in -which the aortic deformity was 
classified as sclerotic. 

Disease of the pericardiiun, myocardium or valves other than the 
aortic was found in a considerable number of the cases. The chief 
coincidence was that of mitral stenosis. Ten of the 17 rheumatic 
aortic cases showed mitral stenosis. Of the 14 sclerotic aortic stenoses, 
2 hearts showed moderate or severe mitral deformity, and 1 showed 
luetic type of infiltration and elastic tissue destruction in the aortic 
root as well as in the descending aorta. A summary of these figures 
appears in Table 3. 

Discussion. For the past centmy clinicians and pathologists have 
been attempting to affirm the etiology and pathogenesis of fibro- 
calcific stenosis of the aortic valve, beginning with Hasse in 1846,^ 
who believed that either endocarditis or atheromatous degeneration 
could be responsible. Monckeberg® in 1904 described a type of aortic 
stenosis which be believed was due to primary' sclero-calcific degenera- 
tion, beginning as plaques in the sinus pockets and ascending toward 
the free border of the valve cusps. The primary histopathologic 
lesion was described as sclerosis and calcification of the fibrous matrix 
of the valve. Further descriptions of calcific aortic stenosis of this 
tj-pe were given by Libman^ and Ribbert.® 

A number of modern authorities believe that rheumatic infection 
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is the principal, if not the exclusive, cause of aortic valvular deformities 
resulting in calcification and stenosis. Christian® described 21 cases 
in which the aortic valve alone was diseased and decided that the great 
frequeney of a history of rheumatic manifestations (13 of the 21 cases) 
was significant and that “the etiologic relation of this lesion to rheu- 
matic fever is very probable.” Clawson, Noble and Lufkin^® favor 
a rheumatic etiology for aortic stenosis in all cases as a result of a 
pathologic study of their material. Dry and Willius^^ came to the 
same conclusion on clinical grounds after studying a large series of 
cases, and offered the opinion that in calcific aortic stenosis the rheu- 
matic infection was mild and prolonged. Hall and Ichioka^ made a 
minute histo-pathologic study of cases of calcific aortic stenosis both 
with and without other valvular disease, and found support for the 
belief that rheumatic fever is the common background of all of them. 
Similar investigations were made by Karsner and Koletsky,^® and re- 
sulted in the same conclusion. 

Other investigators of this subject have been able to find examples 
of both rheumatic and sclerotic deformities of the aortic valve in their 
material (Margolis, Ziellessen and Barnes’®). The group of cases 
studied by Sohval and Gross’** was found by their criteria to include 
32 examples of rheumatic endocarditis, of which 19 were multivalvular, 
and 18 instances of Monckeberg’s aortic valvular sclerosis. In the 
latter group 3 cases showed some rheumatic stigmata in one or another 
part of the heart, and 4 showed sjqihilis of the aorta. These authors 
concluded that Monckeberg’s sclerosis of the aortic valve is distinguish- 
able from rheumatic disease, and suggested that deformity of the valve 
by any disease is possibly a predisposing cause of the former process. 

One of the arguments advanced against the existence of primary 
calcific sclerosis of the aortic valve is the observation that arterio- 
sclerosis is usually of slight degree in the adjacent aorta. This, how- 
ever, may be regarded as a phenomenon resulting from the protective 
effect of the aortic stenosis on the adjacent aortic wall, shielding it 
from the force of the blood flow. Such an effect is observed in periph- 
eral arteries, where the wall beyond a calcified plaque is frequently 
found free of atheromatous degeneration. On the other hand, the 
aortic wall at a point opposite the valve orifice frequently shows a 
sclerotic plaque, marking the zone of impact of the narrow stream of 
blood formed by the stenosis. Hall and Ichioka’ make reference to 
this, and call it an “impingement” plaque. 

If then the aorta is usually not markedly sclerotic, one may ask 
how does hlonckeberg’s sclerosis of the aortic valve develop, since it is 
stated to be a process originating in the aorta? This is only an ap- 
parent rather than a real objection, since the point of origin is not the 
aorta in general but that small portion within the sinuses of Valsalva 
along the insertion margins of the cusps. In this area all of our cases 
show atheromatous degeneration and caleification. The underlying 
causes of these changes may be any combination of mechanical, toxic, 
metabolic and infective phenomena allegedly associated wuth arterio- 
sclerosis (Learj"’®). The exposed position of the aortic cusps, their 
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rapid to-and-fro flexion in the blood stream and the fixed position of 
the aortic ring where the sinuses of Valsalva receive the full impact of 
the regurgitant force after each sj^stole are basic facts. The additional 
stress which may result from the presence of congenital bands or cusp 
deformities, or from inflammatorj^ thickening or adhesions must also 
be considered. Some authors (LibrnanJ Reich^) believe that calcific 
aortic stenosis sometimes results from the healing of vegetative endo- 
carditis. In the present-group of cases, no example of this sequence of 
events has been recognized. 

Summary. The great frequency of gross and histologic lesions of a 
type generally recognized as rheumatic but occurring in the absence of 
notable deformity, seems to us to invalidate an assumption that any 
coincident lesion necessarily has a rheumatic etiologjL In this study 
of 31 cases there has purposely been no attempt to exclude those in 
which other valvular lesions were present as well as calcific aortic 
stenosis. The most frequently co-existent lesion was mitral stenosis 
(55%). Rheumatic aortic vahmlar disease was found in some cases 
in which no other cardiac lesion could be detected. Monckeberg’s 
sclerosis of the aortic valve was found in 2 hearts in which the mitral 
valves revealed definite evidence of inactive rheumatic inflammation, 
and in 1 in which sjqihilitic aortitis w'as present. 

Conclusion. Thirty-one cases of calcific aortic valvular stenosis 
occurred in a series of 500 consecutive autopsies. Pathologic studies 
lead us to the belief that 17 were rheumatic in etiologA’ and the rest 
are examples of Monckeberg’s sclerosis of the aortic valve. 
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A TENTATIVE TEST FOR PHEOCHROMOCYTOMA* 

By Grace M. Roth, Ph.D. 

SECTION ON CLINICAL PHYSIOLOGY 
ANL 

Walter F. Kvale, M.D. 

DIVISION or MEDICINE, MAYO CDINIC 
ROCHESTER, MINNESOTA. 

Paroxysmal hj^Dertension and associated symptoms characteristic 
of the clinical syndrome caused by pheochromocytoma frequently 
have been described and are “well known; but the differentiation from 
such clinical conditions as coronary occlusion, hyperthyroidism, hista- 
mine cephalgia, migraine, menopausal states and anxiety states, 
patients who are hjqjer-reactors, and patients who have persistent 
hypertension may be difficult. The most confusing cases, in our 
experience are the hyper-reactors and those in which the patients have 
essential hv-pertension and whose blood pressure is extremely labile. 
Patients who have anxiety states also cause difficulty because of their 
frequent description of attacks or spells of various kinds of symptoms. 

In the past the diagnosis of suspected pheochromocj’toma was con- 
firmed by the attacks which characterized this clinical entity. These 
attacks, which might be either spontaneous or induced, were precipi- 
tated by various means including physical exertion, change in position 
such as rising from the recumbent to the upright position, turning on 
the side of the tumor, massage of the abdomen on the side of the tumor, 
immersion of the extremities in cold water or administration of insulin 
or epinephrine. Since none of these methods of inducing attacks is 
dependable and since the opportunity to observe the patient in a 
spontaneous attack may not present itself, it is apparent that a simple 
procedure that would induce attacks at will would be of great help in 
diagnosis. 

Beer, King and Prinzmetal,^ in 1937, and Hyman and Mencher,® in 
1943, were able to demonstrate an epinephrine-like pressor substance 
in the blood of several patients during attacks caused by pheochromo- 
C 5 h;omas. Since attacks owing to such a tumor are similar to those 
produced by large injections of epinephrine and since large amounts 
of epinephrine have been extracted from many of the tumors investi- 
gated, it is logical to suggest that the attacks are due to sudden massiA-e 
discharges of epinephrine from the tumor into the circulation. 

Hyman and Mencher® also produced attacks of paroxj'smal hjqier- 
tension by the cold pressor test and by the injection of histamine. 
However, they failed to mention whether they considered the latter a 
suitable means for voluntary production of an attack. 

In 1939, Horton and one of us (G. M. R.)"* demonstrated an epi- 
nephrine-like response in the case of a patient who was hypersensitive 
to cold subsequent to a histamine-like response to the immersion of 
one hand in cold Avater. Also, Best and Taylor,^ in 1943, reported 

* Read before the Central Society for Clinical Research, Chicago, Nov. 3. 1944. 
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that histamine and epinephrine are antagonistic in their effects on the 
capillaries and blood pressure. 

As a result of these observations, an intravenous infusion of hista- 
mine was given to a patient in whom the diagnosis of pheochromo- 
cytoma was made in order to determine whether this drug could be 
used later during operation to counteract the increase of blood pressure 
which usually occms dining the surgical procedure. Each time the 
infusion was started, irrespective of the rate of flow, an attack was 
induced which was identical with the patient’s spontaneous attacks. 
Small amounts of histamine base injected at another time produced 
similar attacks. Since it seemed possible that this procedure might 
be used as a test for pheoclu-omocjdoma, the present study was begun. 

Since the importance of early diagnosis in cases of pheochromo- 
cytoma, methods' of localizing the tumor, type of surgical procedure, 
anesthetic agent, and care of the patient before and after operation 
have been stressed on numerous occasions, no attempt will be made 
to elaborate on these subjects. Oiu* purpose is to present a simple 
clinical test which we believe will precipitate an attack of paroxysmal 
hypertension in a patient who has pheochromocytoma. A preliminary 
report on the test has been published previously 

Method of Study. Selection of Subjects. Fifty-one persons were divided 
into four groups, as follows: Group 1, 9 normal persons whose ages ranged 
from 20 to 48 years. Group 2, 22 hyper-reactors to the cold pressor test, 
whose ages ranged from 19 to 59 years. The basal blood pressure of the 
patients in Group 2 was less than 140 mm. of mercury systolic and 90 mm. 
diastolic; the rise of blood pressure during the cold pressor test was more than 
22 mm. of mercury systolic and 15 mm. diastolic. Group 3, 16 patients who 
had well-established hypertension whose ages ranged from 32 to 62 years. 
The basal blood pressure was more than 140 mm. of mercury systolic and 
90 mm. diastolic. Group 4, 4 patients who were suspected of having a pheo- 
chromocytoma with ages ranging from 39 to 59 years. 

Procedure. The test as emploj’-ed consisted of placing the person in a 
recumbent position for 30 minutes or until the blood pressure and pulse rate 
had attained or approximated the basal level. Before injection, in order that 
psychic stimuli could be ruled out, the patient was told the sequence of events 
to expect from the injection. With the blood pressure cuff on ope arm, 
0.05 of histamine base in 0.5 cc. of normal saline solution or 0.025 mg. in 
0.25 cc. of normal saline solution was injected intravenously into the opposite 
arm. Readings of blood pressure and pulse rate were made at inten^als of 
1 minute for from 10 to 15 minutes. Both subjective and objective symptoms 
were noted. In addition, a cold pressor test was done on each person. 

Results. Grmp 1. After injection of histamine, most of the 9 nor- 
mal persons had only slight flushing of the face and mild headache 
which frequently disappeared at the end of 5 minutes. The blood 
pressure first decreased and then increased from the basal level to 
the approximate elevation obtained during the cold pressor test. 
The basal blood pressure ranged from 95 to 130 mm. of mercurj’^ sys- 
tolic and from 65 to 74 mm. diastolic. The systolic blood pressure 
during the cold pressor test ranged from 112 to 150 mm.; during the 
histamine test it ranged from 110 to 150 mm. The diastolic blood 
pressure during the cold pressor test ranged from 70 to 85 mm. of 
mercury; during the histamine test it ranged from 64 to 74 mm. The 



BOTH, KVALE; a TENTATH'-E TEST FOE PHEOCHEOMOCYTOMA 655 


average rise of blood pressure during the cold pressor test was greater 
than that during the histamine test (Table 1). The results of the 
histamine test were regarded as negative. Figure 1, left, shows the 
response of a normal person to the intravenous injection of histamine 
and to the cold pressor test. 


Table 1. — Avehagb Elevation or Blood Pbessube After the Cold Pkebsor Test 
AND After the Intravenous Injection op 0.05 Mo. op Histamine Base 





Average blood pressure, mm. of mercurj' 


Cases 

Classification 
of patients 

Basal 

During 
cold pressor 
test 

During 

histamine 

test 

Increase 
during 
cold pressor 
test 

Increase 

during 

histamine 

test 

9 

Group 1: 
normal 

109/70 

127/87 

124/77 

18/17 

15/7 

22 

Group 2: 
hyper-reactive 

120/78 

157/104 

149/88 

37/26 

29/10 

16 

Group 3; 
hypertensive 

102/104 

202/125 

198/118 

40/21 

36/14 


Group 2. Twenty-two patients who were hyper-reactors to the cold 
pressor test had flushing of the face and headache after injection of 
histamine. These reactions were similar to those of the normal persons 
in Group 1. In 1 instance, histamine cephalgia developed as a result 
of the injection of histamine. The basal systolie blood pressure ranged 
from 100 to 130 mm.; the basal diastolic pressure ranged from 60 to 
95 mm. During the cold pressor test the systolic blood pressure ranged 
from 132 mm. of mercury to 202 mm. and the diastolic ranged from 
88 to 114 mm.; during the histamine test the systolic blood pressure 
ranged from 118 to 180 mm. and the diastolic blood pressure ranged 
from 64 to 120 mm. As in Group 1, the average rise of blood pressure 
dining tlie cold pressure test was greater than that during the hista- 
mine test (Table 1). The results of the histamine test were considered 
to be negative. Figure 1, right, shows the response of one patient in 
Group 2 to the intravenous injection of histamine and to the cold 
pressor test. 

Group 3. Sixteen patients who had well-established hypertension 
had more severe headaches after injection of histamine than were 
experienced in the previous group. These headaches rarely disap- 
peared before 10 mmutes and in some instances lasted 15 minutes. 
Circumoral pallor occurred in 6 cases. The average increase from the 
basal pulse rate of 78 beats per minute was 39 beats per minute. 
The average rise of blood pressure from the basal level was greater 
during the cold pressor test than during the histamine test (Table 1). 
Figure 2 shows the response of 1 patient in Group 3 to the intravenous 
injection of histamine and to the cold pressor test. Since no subjec- 
tive sjunptoms other than tachycardia, circumoral pallor m 6 instances 
and headache occurred after injection of histamine, the results were 
regarded as negative. 

Group 4. In contrast to the cases in the first three groups, in 3 of the 
4 cases in which the patients were suspected of having a pheochromo- 
cytoma a definite attack was produced by the mjection of histamine. 
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Since the first case already has been reported,® only features particu- 
larly important to the present discussion are included here. The other 
3 cases are described in detail. 



Fiq. 1. — Left, blood pressure response of a normal person to the intravenous injection 
of 0.05 mg. of histamine base and to the cold pressor test. Right, blood pressure response 
of a hyper-reactor to the intravenous injection of 0.05 mg. of histamine base and to the 
cold pressor test. 


Hyper-tensive 



Fig. 2. — Blood pressure response of a patient who had hypertension to the intravenous 
injection of 0.05 mg. of histamine base and to the cold pressor test. 

Report of Cases. Case 1. In this case, that of a woman aged 41 years, 
attacks coidd be precipitated by exercise, change of posture and abdominal 



ROTH, kvale: a tentative test for pheochromocytojia 657 


massage. They were not precipitated by the cold pressor test, subcutaneous 
injection of 15 units of insulin, 1 cc. of 1:100,000 dilution of epinephrine or an 
intravenous infusion of 1 to 2 mg. of acetyl-j3-methylcholine chloride (mecholyl 
chloride) during 15 minutes, but they were precipitated by an intravenous 
injection of histamine. An attack was induced on one occasion bj’^ slow infu- 
sion of histamine and on 4 occasions by rapid intravenous injections of either 
0.05 mg. or 0.025 mg. of histamine. After surgical removal of the tumor, the 
same test produced no significant change in blood pressure. 



Fig. 3.— Blood pressure response of a patient who had phoochromocj’toma (Case 2) 
to an intravenous injection of 0.025 mg. of histamine base before and after operation and 
to the cold pressor test. 


Case 2. A man, 59 years of age, was admitted to the Mayo Clinic on 
Nov. 5, 1943. For the last 3 years he had had attacks from 1 to 10 times a 
day. The attacks were always sudden in onset and generally lasted from 10 
to 15 minutes. Thej’- were characterized by a generalized ill feeling, anxiety 
fright, marked distress through the abdomen and chest, palpitation, headache 
which was not particularly severe, numbness of the left hand and arm and 
blanching of the left second and third fingers and left second and third toes. 

The results of phj'sical examination were not significant. The mean blood 
pressure over a period of 24 hours was 170 mm. of mercurj' systolic and 110 mm. 
diastolic. There was narrowing and sclerosis. Grade 2, of the retinal arterioles 
vnth a few small retinal hemorrhages. The grading was on the basis of 1 to 4 
m which 1 represents the least and 4 the greatest degree. The onlv positive 
laboratorj’; finding was e\ndence of mild renal insufficiency and a stone in the 
pelvis of the right kidney. 

Before the patient came to the Mayo Clinic, the home physician observed 
Him m several attacks which were induced by pressure on the left side of 
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the abdomen. Apparently the attacks also could be induced by bending the 
bodj"- to the left or by straining at stool. Likewise under our observation, the 
blood pressure rose from 140/100 to 264/148 on 1 occasion after an attack 
induced by pressure on the left side. A similar attack occurred, produced by 
the administration of histamine, in which the blood pressure rose from 170/140 
to 260/140 (Fig. 3). ■. 

Because these attacks could be induced by pressure on the left side of the 
abdomen and by the intravenous injection of histamine, we concurred in 
the diagnosis of left pheochromocytoma which Avas made by the physician in 
the patient's home locality. 



On Nov. 19, 1943, the left sipirarenal region was explored but no tumor 
was found; the wound was closed, the patient turned over, the right suprarenal 
region explored, the tumor located immediately and removed easily. Tlie 
patient’s convalescence was uneventful and he was dismissed from the hospital 
on the 15th postoperative day. The result of repetition of the histamine test 
on the 16th postoperative day was negatwe. 

Case 3. A man, 59 years of age, rvas admitted to the clinic on July 3, 1944, 
complaining of headaches of only 6 Aveeks’ duration. These headaches usually 
occurred after the act of voiding. They Avcre severe, sudden in onset, and 
Avere associated with considerable epigastric pain extending through to the 
back and up to the chest. In addition, there Avas palpitation and blurring 
of A’ision, sometimes to complete blindness. These attacks occurred from 1 to 



ROTII, kvalb; a tentative test for pheociirojiocytoma 659 

4 times a day and lasted from 4 to 5 minutes. The patient had noticed some 
dull intermittent pain in the right loin, but this ■was not related to the urinary 
tract and was not associated with the attacks. He had had diabetes mellitus 
for 15 years. 

The results of physical examination were essentiallj’' negative. The blood 
pressure was 110 mm. of mercury systolic and 80 mm. diastolic. 

Ophthalmoscopic examination showed narrowing and sclerosis of the retinal 
arterioles, Grade 1. The results of laboratorj-^ studies were negative e.xcept for 
a fasting blood sugar of 274 mg. per 100 cc. of blood. 

During the time the patient was studied in the hospital, he was observed 
in one attack after he had voided. No blood pressure readings had been 
obtained just prior to the attack but the readings alwaj's had been within 
normal limits. One minute after the attack started the blood pressure rose to 
250/170; in 2 minutes it was 270/122 and in 10 minutes it had dropped to 135/80. 

Two attacks were induced by the intravenous injection of 0.05 mg. and 
0.025 mg. of histamine, respectively. The patient informed us that these 
attacks were identical to his spontaneous attacks and complained of a pound- 
ing, excruciating headache and severe epigastric pain extending to the back 
and chest. He was frightened and refused to lie quietly on the bed. In the 
first attack, the blood pressure rose from a basal level of 118/60 to 260/142. 
The attack subsided in 10 minutes, at which time the blood pressure was again 
normal (Fig. 4). 

The diagnosis was pheochromocytoma. Because these tumors occur most 
frequently on the right side of the body,^ and because the patient had had 
vague pains through the right flank, it was decided to explore this side first. 
According^, on July 18, the right suprarenal region was explored, but no 
tumor was found. The incision was closed, the patient turned over and the 
left side explored, and the tumor found at the upper pole of the left kidney 
and successfully removed. The first 3 postoperative days were storm3q but 
thereafter convalescence was without incident. The result of the histamine 
test on the 17th postoperative daj' was negative. The patient was dismissed 
on the 19th postoperative dajA 

Case 4. A dentist, 39 j'cars of age, was admitted to the clinic on June 21, 
1 944, complaining of attacks of tachj>^cardia and flushing of the face of 3 months’ 
duration. These attacks, of which he had had 4, lasted about 1 hour. There 
was no associated pain but the attacks were annojung to the patient. 

The results of physical and lahoralory examinations wei-c negative except for 
a mass in the left upper quadrant of the abdomen. This mass was considered 
to be the spleen. The diagnosis was indetenninate but the probalaility of a 
]5heochromocj"toma was considered. An attempt was made to induce an 
attack bj' injection of histamine but the reaction was unlike the sj^mtoms of 
which he complained and the histamine test was negative. The patient was 
informed that the possibility of his having a pheochromocjdoma was remote, 
but because of the mass in the left upper quadrant of the abdomen, he chose to 
undergo an abdominal exploration. 

On Juh’’ 21, exploration was undertaken through a primarj’^ upper right 
rectus incision. Tlie spleen was slightlj' enlarged, but the results of explora- 
tion of the liver, gall bladder, stomach, duodenum and both suprarenal regions 
were entirel}' negative. After operation the histamine test was again negative. 

Comment. The histamine te.st was performed in 9 cases in which the 
persons were normal (Group 1) and in 42 cases (Groups 2, 3 and 4) in 
which differentiation of paroxx-smal liypertension owing to a pheo- 
chromocytoma from various other clinical conditions was thought 
necessary’. The results of the test were regarded as negati^'e in 39 of 
the 42 cases. In 4 of these 39 cases in which an opportunity was 
presented for exploration of the suprarenal regions, no tumor was found. 

Since IMay 1, 1943, we had the opportunity of observing 3 cases in 
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which correct clinical diagnosis of pheochromocytoma was made. 
The rapid injection of small amounts of histamine produced attacks 
identical with the spontaneous attacks of which these patients com- 
plained, thus affording us the opportunity of observing them in attacks. 
An attack was induced 5 times in 1 case and twice in another; the 
other patient refused to allow us to induce more than 1 attack. In 
each attack the systolic and diastolic blood pressure rose markedly 
and then promptly returned to basal levels within 10 minutes, when 
the attack subsided. 

In each of the 3 cases in which the results of the histamine test for 
pheochromocj’^toma were positive, the tumor was removed successfully 
and the patient was restored to normal health. The tumors yielded 
from 50 to 682 mg. of crystalline epinephrine. During the postopera- 
tive period of these patients, repetition of the histamine test gave 
negative results. 

Summary. An intravenous injection of 0.025 mg. or 0.05 mg. of hista- 
mine base was given to 51 persons who were divided into four groups 
as follows; Group 1, normal persons whose ages ranged from 20 to 
48 years; Group 2, hyper-reactors to the cold pressor test whose ages 
ranged from 19 to 59 years; Group 3, patients who had well-established 
hypertension whose ages ranged from 32 to 62 years; and Group 4, 
patients suspected of having pheochromocytoma, whose ages ranged 
from 39 to 59 years. 

In the first three groups the blood pressure rose to a level somewhat 
less than the elevation obtained by the cold pressor test. Except for 
flushing of the face with subsequent headache, which was most intense 
in the patients with severest hypertension and pronounced tachycardia, 
no other sjonptoms were present. The results of the test were regarded 
as negative. In 1 instance, typical histamine cephalalgia was produced 
bj' this amount of histamine base. 

A^Tien histamine base was given to 3 patients who had pheochromo- 
cytoma, the blood pressure rose approximately 100 mm. more than 
the elevation obtained by the cold ptessor test. This elevation of 
blood pressure was accompanied by the characteristic symptoms of a 
typical spontaneous attack. 

Although the number of cases in this series is small, the intravenous 
injection of small quantities of histamine base may be considered 
tentatively as a worth-while test in distinguishing the syndrome of 
pheochromocytoma from other clinical conditions. 
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A STUDY ON THE PREVENTION OF MUMPS ORCHITIS 
BY GAMMA GLOBULIN* 
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Although the involvement of the salivary glands in mumps is seldom 
incapacitating, the orchitis which frequently complicates the disease 
in adults gives rise to considerable pain and discomfort, results in 
lengthy hospitalization, and causes much mental disturbance over the 
fear of subsequent sterility. For these reasons it appeared important 
to investigate the possibility of reducing the incidence of orchitis 
complicating outbreaks of mumps in the armed forces. 

In the spring of 1944 an outbreak of the disease at Fort Benning, 
Georgia, presented the opportunity of determining the value of gamma 
globulin in the prevention of orchitis. 

Series 1. Gamma globulin prepared from mumps convalescent 
serum was used in the initial series. The serum, collected from 
395 patients at an array camp 1 to 3 months following recovery from 
mumps, was processed in the Department of Physical Chemistry of 
the Harvard Medical School through the courtesy of Dr. E. J. Cohn 
and Dr. J. L. Onclejuf 20 ml. of globulin were given intramuscularly 
to alternate patients admitted to the Station Hospital at Fort Benning 
with parotitis. Only those patients whose glandular swelling had 
been present 24 hours or less were admitted to the study. Patients 
who complained of testicular ache at the time of admission to the hospi- 
tal were excluded. Physical examinations were performed daily on 
all patients and careful records were maintained. The patients were 
hospitalized for approximately I month in order to insure personal 
observation of any cases of orchitis which developed. In the event 
that globulin delayed but did not prevent the occurrence of orchitis a 
further check on the injected men was made 1 month after discharge 
from the hospital. The injected men and controls were confined to 
bed from the time of admission to the end of the 1st week of hospitaliza- 
tion but thereafter they were permitted to walk about the ward. 

The results of this study are recorded in Table 1 : 

Table 1 

No. p.iticnt" Infidcncc of 

who dPvcloptil orchiti-i 

orchitis {%) 

No. of injected patients . . 51 4 7 .S 

No. of controls 51 14 27 4 

* This work was carried out under the direction of the Commission on Measles and 
Mumps of the Army Epidomiolopical Board, Preventive Medicine Serrice. Office of tlio 
SurReon General, U. S. Army, ISIS H Street. N.W., WashinRton. 25, D. C. 

t The preparation and testintt of the Riobulin was carried out under a contract recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and Harvard Universitj*. 
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Of the total patients with mumps studied (502), aside from those 
concerned with the investigation of the globulin, 25% developed 
orchitis subsequent to admission. Inclusion of patients with orchitis 
on admission raised the incidence of this complication to 32%. , 

Series 2. Because of the small supply of convalescent serum gamma 
globulin available, the above study was terminated and a similar 
experiment was conducted using gamma globulin from pools of normal 
human plasma. Enders^ has shown that the complement fixing anti- 
body for mumps antigen is concentrated approximately 20 times in this 
preparation of globulin. Since the titer of antibody is lower than that 
of gamma globulin obtained from convalescent serum a larger dose 
was administered to the men in this series. As in Series 1, alternate 
patients in tlie first 24 hours of the disease were given globulin. 50 ml. 
of globulin were administered, half being injected into each buttock. 
The results of this study are recorded in Table 2: 


Tabm 2 

No. patients Ineideneu of 

who develojicd orchitis 

orchitis (%’) 

No. of injected patients . . G7 14 20.9 

No. of controls 67 IS . 26.8 


Although these studies involve relatively small groups they suggest 
that convalescent serum gamma globulin is highly effective in the pre- 
vention of mumps orchitis, whereas gamma globulin from normal 
human plasma is of little value in this respect, nor in the latter group 
would there appear to be any attenuating effect. 

Discussion. Hess- in 1915 was the first to employ human antibody, 
in the form of convalescent whole blood, in the prevention of mumps. 
Since then several studies have been conducted with mumps conva- 
lescent serum in the attempt to prevent the disease, modify its course, 
or lower the incidence of orchitis. Tlie results of tliese studies arc 
conflicting. It appears to be the present consensus of opinion that 
mumps convalescent serum will confer a temporary, brief, passive 
immunity which is of value in controlling outbreaks of the disease. 
However, the efficacy of convalescent serum in modifying the course 
of the disease or in prevention of orchitis is questionable. According 
to Gordon and Heeren,® “the administration of convalescent serum to 
patients with clinical parotitis in an effort to prevent otlier manifesta- 
tions of the disease lacks proof of any worthwhile value.” Iversen’s 
series^ showed a 20% incidence of orchitis in serum treated individuals 
as compared to 24% in those untreated. De Lavergne and hflorentin’’ 
reported a reduction in orchitis from 24% in their control patients to 
4% in their treated ones. In the series reported by Bailey and Haerem''’ 
19.9% of the controls developed orchitis and 15.3% of the treated 
patients developed this complication. The amount of convalescent 
serum administered in the above studies ranged from 10 to 30 ml. per 
patient. 

Variation in antibody titer of convalescent serum and differences in 
the dosage administered may account for conflicting results with con- 
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valescent serum. Bailey and Haerem found that the incidence^ of 
orchitis in men receiving serum from convalescent mumps orchitis 
patients was much lower than in those receiving serum drawn irom 
patients whose disease had been uncomplicated by orehitis. ^ They 
felt that this difference might be due to the higher antibody titer in 
the serum of men reeovering from mumps orchitis. 

The present series differ from those previously reported in the large 
quantity of serum administered. Since the gamma globulin prepara- 
tion represents approximately a 20- or 25-fold concentration of human 
plasma, the initial series which was given 20 ml. of convalescent serum 
globulin received the equivalent of 400 ml. of convalescent serum or 
th.e equivalent (in antibody content) of 4000 ml. of normal pooled 
plasma. The second series, to which 50 ml. of globulin from normal 
human plasma were given, received the equivalent of 1250 ml. ol 
normal plasma. 

The mumps antibody in these preparations has been estimated by 
complement fixation tests carried out in Dr. J. F. Enders’ laboratory, 
in the Department of Bacteriology, Harvard IMedical School. The 
mumps antibody concentration, as estimated by the complement 
fixation test, has been referred to that in a standard preparation of 
gamma globulin from normal plasma, IIGG6. The following table 
(Enders) gives the approximate results obtained for plasma and gamma 
globulin solutions From both normal and mumps convalescent donors: 

'J'abi-k (Endebs) 

Ratio of mumps antibody ((■omj)ItMm'nt 
fixation test) to standard 
))re))aration IIGGti 

.'totirce of donors I’lasma Gamma Rlolmlin 

Normal (Anioricati Rod Cross blood donors) 0 (M 10 

Mumps convalescent 0 5 10 0 

Despite the large dose administered in the present studies it is 
evident that gamma globulin from pools of normal plasma in the doses 
employed is of no value in the prevention of mumps orchitis. How- 
ever, the convalescent serum gamma globulin appears from the present 
small series to be highly effective and warrants further investigation. 

Summary. 1. Alternate patients with mumps parotitis of 24 hours 
duration or less were given an intramuscular injection of 20 ml. of 
gamma globulin derived from mumps convalescent serum. The inci- 
dence of orchitis in the injected group was 7.S%, in the controls, 27.4%. 

2. Alternate patients with mumps parotitis of 24 hours duration or 
less were given an intramuscular injection of 50 ml. of gamma globulin 
derived from pools of normal human plasma. 20.9% of the treated 
patients and 26.8% of the controls developed orchitis. 

3. Gamma globulin derived from pools of normal human plasma 
is inefl'cetive in the dosage employed in the present study in reducing 
the incidence of orchitis complicating mumps, whereas gamma globulin 
from mumps convalescent serum appears highly effective in this respect 
and warrants further investigation. 

Wo v-isli to acknowlodco the kind .assistance of Maj. Mansliall J. Coleman and Cant 
Archie Y. Eaples. 
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The fact that certain substances possess anti-thyroid acti\aty tvas 
lirought to the attention of e.xperimentalists in 1928 when Chesney, 
Clawson, and Webster reported that the prolonged feeding of cabbage to 
rabbits resulted in hyperplasia of the thjToid gland."^ They tested prac- 
ticallj”' all of the Brassicie and found that these plants also effected an 
enlargement of the thyroid in their animals. Because these materials were 
known to contain nitrile derivatives, Marine and co-workers“^ tested the 
cyanides for possible goitrogenic activity; they chose the least toxic of 
the cyanides, acetonitrile, for their study. A striking thyroid hj’^perplasia 
resulted when this compound was injected into rabbits daily for 21 days. 
Certain aromatic nitriles shared this property but to a lesser degree. 
Since the cyanides were known to interfere with oxygen utilization, it 
was concluded that substances which depress oxygen consumption prob- 
ably increase thyroid activity. Marine had previously postulated that 
when an increased demand is made upon the thyroid, goitre will result 
if the iodine supply is deficient. Accordingly, these authors demonstrated 
that the goitre resulting from the administration of acetonitrile could be 
prevented completely by iodine. As will be seen later, this fact serves as 
an important point of difference between the mode of action of the cyanides 
on the one hand and of the thioureas and related compounds on the other. 

Following Marine’s work on the chemical production of goitre, there 
were relatively few investigations until 1941 when a new impetus was 
supplied by the report of the MacKenzies and IMcCollum that rats fed 
sulfaguanidine for a period of weeks developed a marked thyroid hyper- 
plasia.'^ Independently, Richter and Clisby made a similar observation 
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while studying the chronic toxicity of phenylthiourea in rats.®^'®® Mean- 
while, Kennedy, who had been working on the goitrogenic property of 
Brassica seed, suggested that the active principle of this material might 
be a thiourea derivative. He therefore tested allyl thiourea and noted that 
its prolonged oral administration to rats resulted in extreme hypertrophy 
of the thyroid gland; in preliminary experiments with thiourea he obtained 
similar effects.®^ These observations®^-®®'*®’*® were then confirmed and 
extended by Astwood and co-workers.'^ The conclusion was reached that 
these substances act by interfering with the synthesis of thyroid hoi-mone. 

As a result of these investigations, Astwood instituted a study of the 
relative effectiveness of lOo compounds derived from thiourea or aniline 
as inhibitors of thyroid function in rats. He reported that certain deriva- 
tives of aniline, particularly the sulfonamides, were active in this regard. 
In the thiourea group certain derivatives were found more effective than 
thiourea itself; in decreasing order of activity these were: 2-thiouracil, 
2-thiobarbituric acid, s-diethyl thiourea, and 5-benzal-2-thiohydantoin.^ 

Astwood was the first to apply these results to the treatment of human 
thyrotoxicosis.* The dramatic findings reported liy him stimulated a 
large number of studies in animals and man to elucidate the mechanisms 
and to explore the therapeutic potentialities of these compounds. 

Effect on the Thyroid Mechanism. Following the, initial reports of 
thyroid hypertrophy in rats after the prolonged feeding of sulfonamides, 
phenylthiourea, and thioureas, the MacKenzies and Astwood described in 
detail the effects of these substances on the thyroid mechanism.’-®® In the 
intact animal, the characteristics of thyroid hypofunction were manifest; 
these included a gradual reduction in the basal oxygen consumption, 
decreased food intake, and impairment of growth and development. This 
general picture also appeared in animals fed thiouracil.’ When rats were 
given thiouracil from birth, retardation in growth and development 
occurred.®® Animals fed these drugs manifested an increased tolerance to 
low oxygen tensions in accord with the lowered metabolism.^®-'*'’-®® 

At postmortem examination the thyroid glands Avere grossly enlarged 
and hyperemic. Histological examination revealed varying degrees of 
colloid loss, increased vascularity, and increase in the height of the acinar 
epithelium. In many follicles papillary projections of the epithelium pro- 
truded into the lumen Avith extensive desquamation of cells. In some 
instances the acini had disappeared and the extensive groAvth of follicle 
epithelium formed a contiguous cellular mass. At a time Avhen the most 
severe hyperplasia existed, the cellular pattern in all glands studied 
remained orderly AA-ith no suggestion of neoplasia. To the present there 
have been no reports of malignant changes occurring either in animals or 
man as a result of the administration of these substances. 

The overall picture obserA-^ed aa'us one of A-arying grades of hyperplasia 
of the gland paradoxically associated Avith indications of hypothyroidism 
in the intact animal. Upon AvithdraAA'al of the drugs, the CA-idenccs of 
hypothyroidism disappeared and the histologic changes regre.s.sed toAvard 
normal. 

Mechanism of Action. The mechanism l)y Avhich the anti-thyroid sub- 
stances exert their effects has receiA’ed considerable attention. The course of 
events in animals after the administration of these compounds Avas pro- 
pounded initially by AstAvood rl ul. and the MacKenzies. They concluded 
that the effects obserA-ed A\’ere due to an interference Avith the production 
of thyroid hormone.'’-®® This Avas inused on the folloAving facts; It Avas 
learned that the presence of the pituitary Avas essential for the production 
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of thyroid hyperplasia with these drugs. In hypophysectomized rats the 
administration of these agents had no effect on thyroid histology; regres- 
sive changes were noted in the thyroids of these animals just as in untreated 
hypophysectomized rats. An attempt to restore the normal situation in 
the hypophysectomized rat by the concurrent feeding of whole pituitary 
powder and anti-thyroid drug made possiljle only the maintenance of a 
normal histologic picture with little evidence of thyroid stimulation. It 
seems clear from this that these materials do not cause the hyperplasia 
by a direct action on the thyroid, but rather that it results from pituitary 
stimulation; 

In view of the indications of an augmented pituitary drive, one might 
e.xpect to demonstrate an increase in the thyrotropic activity of the blood 
and pituitary of treated rats. Gordon, Goldsmith, and Charipper were 
unable to show this in rats fed sulfadiazine and thiourea for a prolonged 
period. Indeed, the thyrotropic activity of the blood serum and pituitary 
from these animals was less than that of untreated controls. In contrast, 
thyroidectomized rats, after G months, possessed ah increased quantity of 
thyrotropic activity in the blood and pituitary.'*’ •'*'' This does not neces- 
sarily contradict the concept of an increased thyrotropic activity in the 
drug treated rats, but rather indicates an increased utilization and resultant 
inactivation of thyrotropic hormone by an enlarging thyroid gland. Proof 
that thyrotropic hormone is capable of stimulating the thyroid gland of 
thiouracilized rats has been shown from a metabolic standpoint. The 
thyroids of sucli animals e.xhibited an increased oxygen utilization in rifro. 
This increased respiration could be augmented further by previous treat- 
ment of the animals with both thiouracil and thyrotropic hormone.®^ This 
is consistent with the anatomical finding of more severe hyperplasia of 
the thyroid in rats treated with both substances rather than with either 
alone. These results therefore are in harmony with the hypothesis that 
in animals treated with these anti-thyroid drugs, there is an increased 
thyrotropic activity on the part of the pituitary. This is not the result 
of a direct action on the pituitary, but may be looked upon as a reflex 
effect. 

That the effects of these compounds can be completely circumvented 
by thyroxin was the next important point in the elucidation of the mech- 
anism of action. It was learned that the feeding of sulfaguanidine to rats 
did not prevent the calorigenic action or toxic effects of administered 
thyroid substance. Furthermore, it developed that the goitrogenic property 
of any of these compounds coidd be abolished by exogenous thyroxin.’ 

The metamorphosis of tadpoles induced by the injection of thyrotropic 
hormone could be Inhibited by thiouracil, while that induced by thyroxin 
could not.^’ This principle has been utilized as the basis of an assay pro- 
cedure for thyroid hormone in which the amount of thyroxin necessary 
to maintain or restore the normal thyroid Avcight of thiouracilized animals 
was determined.-"'®- These facts show that the hypothyroid state rc^sulting 
from the administration of these agents is not produced by an inhibition 
of the action of thyroid hormone. 

It has been seen from earlier work that the hyperplasia of the thyroid 
following cyanide administration could be prevented completely by the 
administration of iodine.®" In contrast to this, the feeding of large supple- 
ments of iodine Avas Avithont effect on the hyperplasia occurring after the 
administration of sulfonamides, thiourea, and thiouracil.’"'” The admin- 
istration of organic iodine in the form of 'di-iodotyrosine e.xliibited but 
slight antagonism toAvard thiouracil.”' This substance, a precursor of 
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thyroxin, was approximately 4000 times less effective than the latter in 
preventing thyroid hyperplasia. Therefore, the mode of action of these 
goitrogens, unlike that of the cyanides, is not associated with an iodine 
deficiency. In this laboratory Ave observed that the administration of 
iodide to rats prior to a course of thiouracil retarded the enlargement of 
the thyroid.®®® This is explained on the basis of previous storage of hormone 
as the result of iodine, so that reflex pituitary stimulation is delayed when 
hormone formation ceases. Applications of this principle have been 
observed clinically. 

On the basis of the results described, it was concluded that these sub- 
stances interfere A\dth the synthesis of thyroid hormone in the thyroid 
gland. In response to the gradual loss of available hormone, the anterior 
pituitary is activated, and the subsequent elaboration of thyrotropin pro- 
duces an ineffectual hyperplasia of the thyroid. The resultant effect on 
the intact animal is similar to that seen after surgical ablation. 

The details of the mechanism by which the synthesis of thyroid hormone 
is prevented have not yet been explained fully. Because of the failure of 
inorganic iodine to circumvent the block in hormone synthesis the con- 
version m mtro of inorganic iodine to organically bound iodine Avas exam- 
ined. Franklin and Chaikoff, utilizing surviving thyroid slices demon- 
strated that sulfanilamide inhibited the conversion of iodine to di-iodo- 
tyrosine and thyroxin.®^ Baumann, Metzger, and Marine reported that 
in animals treated with thiourea there was rapid loss of both thyroxin 
and non-thyroxin iodine from the thyroid.” Further, the administration 
of iodide and di-iodotyrosine had no effect on this; the excess iodine Avas 
excreted promptly in the urine. Thyroid iodine loss also resulted in animals 
treated vath thiouracil in contrast to glands made hyperplastic by thyro- 
tropic hormone.®’^ These findings Avere confirmed by tracer studies Avith 
radioactive iodine in normal and thiourea fed rats. Analysis of the thyroids 
from the treated rats disclosed no appreciable concentration of radioactive 
iodine in any form. The glands from controls contained a considerable 
amount chiefly in organic combination.®® The feeding of thiouracil to rats 
also interfered AAuth the incorporation of injected radioactive iodine into 
di-iodotjTOsine and thyTOxin.®’ In these studies it Avas found Avhen thiour- 
acil was AA'ithdraAvn from the diet, that the amount of radioactive iodine 
conA^erted to thyro.xin increased Avith time. Pull recovery of the iodine 
concentrating capacity of the thyu-oid AA'as evident 14 days after the with- 
draAval of thiouracil. A comparison of the effects of thiouracil and thio- 
cyanate on the iodine concentrating capacity of the thyroid in vivo has 
been made. The concentration of labeled iodine in the glands of the 
thiouracil animals Avas Avell beloAV that of the controls. HoAvever, in the 
case of the thiocymnate treated rats, the quantity of radioactive iodine 
in the thjwoid was significantly greater than that of the controls.®* This 
proAudes an illustration of the difference in the iodine metabolism of the 
thyToid as affected by a goitrogen inhibitable bj^ iodine and by one that is 
not. 

Certain quantitati\'e aspects of the action of thiouracil in inhibiting 
the in vivo iodine uptake b.v the thyToid ha\'e been investigated Avith radio- 
active iodine. In the chick, this inhibition Avas found to be at a maximum 
1 hour after the injection of thiouracil and to be lost gradually over 24 
hours. The degree of inhibition produced by submaximal doses proved 
to be a linear function of the logarithm of the dose. In contrast to the 
rapid loss of the iodine concentrating capacity^ of the thyroid after injec- 
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tion of tliiouracil anatomic changes were not in evidence for at least 
5 days.®^ 

With the use of radioactive iodine the similarity between the hyperplasia 
produced by thiouraeil and thyrotropic hormone has been supported. It 
was first demonstrated that the anatomic changes in the chick thj’roid 
occurring after thiouraeil were indistinguishable from those seen after, 
thyrotropic hormone. The similarity w'as further manifest from the func- 
tional standpoint in that the glands made hyperplastic by thiouraeil 
acquired, after thiouraeil was withdrawn, a capacity to collect radioactive 
iodine in amounts greater than controls and comparable to that collected 
by thyroids made hyperplastic vdtli thyrotropic hormone.^ 

The disturbance in the iodine metabolism brought about by these com- 
pounds has also been investigated in vitro; reference has already been made 
to the initial step in this direction.^^ In an extension of this work it was 
learned that sulfonamides which inhibit the conversion hi vitro of radio- 
active iodine to di-iodotyrosine and thyroxin had little effect on the iodine 
concentrating capacity of surviving thjToid sHces.®“'®® Further studies have 
shown that thiourea, allylthiourea, thiouraeil, p-aminobenzoic acid, and 
thiocyanate were all capable of depressing the conversion of radioacti\’e 
iodine to di-iodotyrosine and thyroxin. With the exception of thiocyanate, 
these substances at high coneentrations did not interfere with the uptake 
of iodine by the thyroid slices.^® These results are essentially in accord 
with the in vivo studies on iodine utilization. It must be realized that the 
failure of the thyroid in the intact animal to concentrate iodine after the 
administration of these eompounds is a result of numerous factors not 
present in the isolated tissue. The apparent failure of certain iodination 
reactions to take place probably represents a primary effect of these agents. 
From these data, the original assumption that these compounds prevent 
the normal synthesis of thyroid hormone is well supported. 

Other possible points of attack on the thyroid mechanism have been 
explored. Gyorgy, et al. have suggested that these sulfhydryl compounds 
may exert their effects by reason of their ability to retard oxidations.''^ 
Pertinent to this, it has already been demonstrated that the cytochrome- 
cytochrome oxidase system is involved in the formation of di-iodotyrosine 
and thyroxin by the thyroid gland.'^® Dempsey detected the presence of 
cytochrome oxidase and peroxidase in the thyroid follicle cells by means 
of the nadi and benzidine reagents respectively. The addition of thiouraeil 
to the reagents easily inhibited the peroxidase, whereas the cytochrome 
oxidase reaction was not affected. Since it is known that iodide must be 
oxidized to iodine before it can react 'with tyrosine, it would seem logical 
that the inhibition of peroxidase should favor this reaction by allowing 
for the accumulation of peroxide. The effect of thiouraeil on the peroxidase 
and cytochrome oxidase activity of the thjToid has been confirmed.^ In 
addition, it was found not to inhibit the action of xanthine oxidase or of 
triosephosphate dehydrogenase.*- The only oxidative enzyme known to 
be inhibited easily by thiouraeil is tyrosinase."* These results cast some 
doubt on the theory that oxidative mechanisms in the thyroid are inter- 
fered with by these substances. It is clear, however, that the evidence in 
this regard is meagre and will require further study. 

Absorption, Distribution, and Elimination. Studies have been carried 
out on the absorption, fate, and elimination of thiourea and thiouraeil. 
Thiouraeil has been sho-nm to be rapidly absorbed from the gastro-intestinal 
tract. This was determined by analj'sis of segments of the gastro-intestinal 
tract of rats after the oral administration of thiouraeil. It was found that 
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more than 80 % of a single oral dose disappeared from the gastro-intestinal 
tract within 2 hours. In man the rapidity of absorption was demonstrated 
by following the concentration of thiouracil in the blood and urine after 
ingestion. The drug was present in the blood 15, to 30 minutes after 
doses of 0.1 to 0.2 Gm. by mouth given to a normal fasting man.'‘’^''“- 
. Thiourea has also been shown to be absorbed quickly from the gastro- 
intestinal tract in man as determined by blood analysis and the rapidity 
with which it appeared in the urine after ingestion.^® 

Following the ingestion of a single oral dose of thiouracil by a normal 
fasting individual, the peak concentration in the blood was reached within 
15 to 30 minutes. From this point there was a gradual decline in the blood 
level, with complete disappearance in 48 to 72 hours. The blood concentra- 
tion could be maintained fairly well by the administration of frequent 
small doses.^”^''®- 

On reaching the blood, thiouracil has been found to enter the cellular 
elements. The concentration in the blood cells was 2 to 7 times greater 
than in the plasma. A further breakdown revealed that the total thiouracil 
content of the erytlirocytes in a given specimen of blood was roughly 
twice that of the leukocytes. From a consideration of the relative propor- 
tion of red cells to white cells in a given specimen, it was obvious that the 
individual leukocyte contained much more drug than did the individual 
erj'^throcyte. These findings were confirmed by the in vitro incubation of 
blood cells with thiouracil. It was proved that the lymphocytes and granu- 
locytes actively absorb thiouracil from a plasma solution; the red cells 
were less efficient in this regard.*®- 

Thiouracil has been found to be distributed to all body fluids thus far 
examined. These included cerebrospinal fluid, edema fluid, pericardial 
fluid, chest fluid, ascitic fluid, urine, and milk. The concentration in the 
cerebrospinal fluid, edema fluid, and pericardial fluid was appro.ximately 
that of the plasma. Chest and ascitic fluid contained a concentration 
equal to that of whole blood. The concentration of the drug in breast 
milk was about 3 times that of the whole blood.*”- 

Thiourea disappeared from the blood even more rapidly than did 
thiouracil.^® It appeared in the urine, cerebrospinal fluid, and breast milk. 
The concentration in the milk approximated that of the serum, Avhereas 
there was a delay in its appearance in the spinal fluid."® Because of its 
easy diffusibility, thiourea has been used to measure changes in total body 
water; the results agree closely with those obtained by metabolic calcula- 
tion.®® In e.xperiments on dogs and man, thiourea was found to be dis- 
tributed tliroughout a volume of fluid in excess of that ordinarily designated 
as total body water. These results can most likelj" be accounted for on 
the basis of destruction of the drug in the body. In view of this, it has 
proven unsatisfactory as an agent for measuring body water.®® 

The presence of thiouracil in body tissues Avas ascertained in man by 
the analysis of surgical and autopsy specimens. The drug was found in 
large quantities in the bone inarroAv, tliyroid, ovaries, and pituitary. In 
general, the concentration in the bone marrow was greater than that in 
other tissues. It was shown to be present also in the adrenals, pancreas, 
kidneys, spleen, liver, testes, striated muscle, brain, heart, lungs and 
prostate. Certain alterations in the condition of the thyroid afl'ect drug 
storage in the gland. The amount present in adenomatous portions of 
thjToid tissue ivas much more than that in relatiA'ely normal sections of 
the same gland.^®® Experiments on guinea pigs have shoAra that thyro- 
tropic hormone AA’hen given in conjunction AAutli thiouracil greatly decreased 



THERAPEUTICS 


671 


the amount of drug stored in the thyroid, whereas the administration of 
potassium iodide with thiouracil greatly increased drug storaged'*^ _ 

Experiments were carried out on rats to investigate the possibility of 
thiouracil destruction in the body. In view of the rapidity with which it 
disappeared from the gastro-intestinal tract, attention was first directed 
to the action of gastric and intestinal contents on the drug. The incuba- 
tion ill I'iiro of tliiouracil with the contents from different portions of the 
gastro-intestinal tract revealed a destruction of the drug by gastric, duo- 
denal, and jejunal contents; material obtained from the ileum was not 
effective in this regard. That this may be partly accounted for by the 
action of certain intestinal flora was shown by incubation m vitro of 
thiouracil with bacteria. Staphylococcus aureus and beta hemolytic 
streptococcus destroyed 35 to 50% of the drug, respectively; E. coli, how- 
ever, caused no destruction. Attempts have been made to determine the 
amount of drug destroyed by tiie gastro-intestinal tract. 

The rate and amount of thiouracil destroyed by body tissue was deter- 
mined on rats. Results were said to indicate a rapid initial destruction 
by the body.'®^ The capiicitj' of specific rat tissues to destroy thiouracil 
was tested by the incubation in vitro of surviving slices with thiouracil; 
those tissues studied included kidney, adrenal, pancreas, liver, pituitary, 
thyroid, and muscle. All were said to de.stroy the drug.’"- The quantitative 
data, however, are not conclusive due to certain unexplained inconsis- 
tencies. 

The nature of the metabolism of thiouracil in the animal organism is 
as yet uncertain. Examination of the urine of dogs fed the drug has been 
reported to show positive qualitative tests for uracil and cytosine.®® This 
needs to be confirmed. The effect of thiouracil on the excretion of sulfur 
in man has received attention. It was found that a decrease in ethereal 
and inorganic sulfur occurred. There was, however, an increased excretion 
of neutral sulfur. This was partly accounted for by thiouracil itself; the 
remainder could not be attributed to cysteine, cystine, thiourea, thio- 
cyanate, phenylsulfate, urochromc, or melanin.'®' In rabbits and man, 
thiourea has been found to produce similar changes in sulfur excretion.'®-'®' 

Thiouracil is excreted mainly in the urii e; none has been found in stools 
of animal or man. Subsequent to the ingc.'^tion of 0.1 to 0.2 Gm. of thiour- 
acil by normal fasting man, a small amount appeared in the urine in 30 
minutes. The maximal urinary excretion occurred during the second hour, 
aiid excretion progressively declined to minute amounts in 12 to 24 hours. 
Following an intravenous dose appreciable quantities were present in the 
urine within 30 minutes. However, the urinary excretion in this instance 
was said to persist longer than after oral dosage. The amount of thiouracil 
excreted in the urine varied with the size and frequency of the dose. 
However, the greater the daily dosage, the lower was the percentage of 
the total dose excreted.'®'-'®'- Further studies on the distribution, fate, 
anti elimination of thiouracil are necessary. 

Thiourea, like thiouracil, has been demonstrated to be excreted chiefly 
via the urine: none appeared in the stool. In man about 75% of :in oral 
dose of thiourea could be recovered from the urine. As previously indi- 
cated, this most likely represents a destruction of the drug by the body.®® 
The renal clearance of thiourea and certain of its derivatives has been 
investigated and contrasted with simultaneous tirca and creatinine clear- 
ances. The filtration and rcabsorption of thiourea by the dog kidney 
approxinnites closely that of urea.^ 
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Methods for the determination of thiouracil and thiourea in body 
fluids and tissues have been describedd®'*®'-'*'^*’^ 

Other Effects of Anti-thyroid Drugs. A number of papers have appeared 
reporting the effects of these compounds on organs and tissues other than 
the thyroid. It was stated that in more than 700 microscopic sections 
made from essentially all of the body tissues from many series of rats, 
there were no alterations of note with the exception of. those occurring in 
the thyroid gland.®” Within a reasonable dosage range this is true. Those 
changes observed in other organs are in general those secondary to hypo- 
thyroidism. 

The MacKenzies in their report on the effect of sulfonamides and 
thiourea as inhibitors of thyroid function, described changes in the his- 
tological appearance of the anterior pituitary similar to those occurring 
after th 5 Toidectomy. These consisted of a basophilia with a loss of eosino- 
philes.®” This finding has since been confii*med for sulfonamides, p-amino- 
benzoic acid, thiourea, and thiouracil.^’®”'®® The abnormal histologic 
picture reverts to normal upon cessation of treatment.®® The weight of 
the rat pituitary gland per unit of body weight was not altered by the 
feeding of either thiourea or thiouracil.®®’^®^ As previously indicated the 
changes in the pituitary are a secondary effect. 

Investigations have been carried out on the effect of thiouracil and 
thiourea upon trophic hormones, other than thyrotropin, elaborated by 
the anterior pituitary. It was found that these drugs did not inhibit either 
the adrenotropic or gonadotropic hormones. In fact, the activity of 
adrenotrope was augmented. In addition assay of the pituitary for gonado- 
trope revealed a greater hormone content in the glands of treated rats.®®-'*^ 
It would appear from this that the increased activity of the anterior 
pituitary following treatment with these drugs may not be limited entirely 
to the thyrotropic hormone. 

The adrenal glands removed from rats treated with sulfonamides, thio- 
urea, and thiouracil have been examined. These glands were reported to 
be smaller than those from normal animals.®®’®”-'®^ This is in harmony V’ith 
the findings in thyroidectomized animals. From a functional standpoint 
the adrenals removed from rats treated with thiouracil manifest a normal 
oxygen uptake in vitro.^ In 16 human subjects studies were made of the 
various constituents of the blood and urine which to some extent are 
knovm to represent adrenal function. No alterations were discovered to 
indicate a disturbed function.”® 

In thyroidectomized animals the liver is known to be slightly decreased 
in size. This however, has not been observed in ra-ts treated with anti- 
thyroid compounds.®®’®® Liver slices taken from thiouracilized rats pos- 
sessed a normal metabolic rate.®® 

There has been experimental evidence of kidney changes following anti- 
thyroid compounds. Atrophic changes with thiourea have been described 
in rats, similar to those following thyroidectomy,®® although no significant 
change in kidne 3 '^ size has been observed.®® Hematuria with kidney damage 
occurs after toxic oral doses of thiouracil in normal and thyroidectomized 
rats.^® We have also noted hematuria with crystalline deposits of the drug 
in the kidneys, ureters, and bladder after large doses of thiouracil in rats.®® 

The anti-thyroid agents apparently possess a direct toxic action giving 
rise to respiratory distress with pulmonary edema. Acutely toxic doses of 
phenylthiourea, thiourea, and thiouracil produced rapidly fatal pidmonary 
edema. No other tissues were edematous.®^’’®’®® 

Experimental evidence showed that thiourea produced changes in the 
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heart. The heart rate was slowed in rats after prolonged administration. 
Such animals showed slight atrophy of the heart similar to that seen after 
thyroidectomy.®“ The heart acquires a tolerance to epinephrine; in these 
experiments the threshold concentration of epinephrine in the heart muscle 
necessary to cause cardiac death in rats was determined and was found 
to be lower for animals pre-treated with thyroxin and higher for animals 
pre-treated with thiouracil than in the case of the normal.’® 

In accord with the above report, it is of note that thiourea has been 
shown to inhibit the epinephrine response of certain smooth muscle 
preparations. This was effected at concentrations that did not interfere 
with normal behavior of the preparation.®® 

The young of thiouracil treated mothers appeared normal at birth, but 
had hyperplastic thyroids; developmental retardation was evident by 
the tenth day. This was thought to result from a placental and mammary 
transmission of the drug.®® Other experiments have confirmed and extended 
this conclusion."*® Fetuses removed from thiouracil treated females at 
term contained a drug concentration one-half that of the mother. The 
amount of thiouracil in the placenta was slightly more than that of the 
mother.'®' 

In view of the clinical experience with these drugs, perhaps the most 
important side action is that on the bone marrow. Feeding thiourea to 
rats produced a definite neutrophilic granulopenia which was preventable 
by the concurrent administration of solubilized liver extract. It was sug- 
gested that the active agent of the e.xtract was probably folic acid."*® A 
leucopenia and anemia has also been noted in rats fed thiouracil.'®* This 
effect must undoubtedly be related to the high concentration of thiouracil 
olrserved in the bone marrow of all animals treated. In this regard it i.s 
noteworthy that in studies on the distribution of radioactive sulfur in 
the rat, by far the highest concentrations were found in the bone marrow.®® 
Experiments on the effect of thiouracil on the respiration of bone marrow 
in vitro showed that high concentrations of the drug produce a small but 
significant inhibition. Tliis was more pronounced in marrows made pre- 
dominantly myeloid. Attempts to reverse this by the addition of pjTi- 
doxinc or liver extract wer.e unsuccessful.®'- 

The serum and homogenized liver of rats treated with thiouracil po.s- 
sessed cholinesterase activities approximately twice those of control 
animals. The cholinesterase activity of the cerebral hemispheres from 
these rats was within normal limits.®' 

It was previously pointed out that malignant changes have not been 
observed in either animals or man treated with these drugs. However, 
lienign and malignant tumors of the thjToid have been produced in rats 
l)y the combined administration of allylthiourea and a carcinogen, 2-acetyl 
aminofluorene. Neither substance alone was capable of inducing thjToid 
neoplasia." In a recent editorial the question lias been raised as to the 
possibility of clinical cancer occurring during thiouracil treatment of older 
patients in whom some carcinogenic factor may be present.®® 

Other Anti-thyroid Agents. In 1943 Carter and co-workers described 
experiments which led to the conclusion that the basal metabolic rate of 
the rat is controlled by an interaction between thyroxin and an anti- 
thyroid substance identified as para.xanthine (1,7-dimethyLxanthine).'® 
The response was such that a daily dose of 20 micrograms orally produced 
a reduction of approximately 2.5% in the basal metabolic rate. ’When this 
dose was exceeded the metabolic rate rose toward normal and reached this 
level with double the dose. Above this dosage there was no further response. 
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Others have been unable to confirm the anti-thyroxin effect of paraxan- 
thine by in vitro and in vivo experiments.'^^’®® 

Thiobarbital has been reported to be a more active goitrogen in rats; 
it -was suggested that it is possibly less toxic.® 

Tetramethyl thiourea has been shown in rats to have properties similar 
to other thioureas.®® 

Clinical Studies. More than two years have elapsed since Astwood 
published a report on 6 clinical trials with anti-thjToid drugs.® Since then 
a voluminous clinical literature has accumulated and at the time of this 
writing reports have been made on more than 1000 cases. Many of these 
are of short term studies and are merely preliminary, but sufficient long 
range studies have been carried out to allow some evaluation of the drugs. 

Drugs Utilized. In the clinical series thus far published these drugs 
have been used; thiourea,^® thiouracil, thiolrarbital,'* 6-ethyl thiour- 
acil,'* all.ylthiourea,'*® tetramethyl thiourea,®® di-ethyl thiourea,®® and 
p-aminobenzoic acicl.^® Of these thiouracil has had the most extensive trial. 

Dosage. There has Ijeen no standard method of dosage accepted and 
wide ranges of dose have been used in various clinics. All medication 
was given orally unless otherwise indicated. For the sake of clarity each 
drug will be considered individually. 

Thiouracil, The greatest variations in dosage have been met with in 
the case of this drug. In early investigations daily dosages of 1 to 1.2 Gm. 
were not considered excessive, ®’^®’‘‘®’’''’’^ and one clinic reports a daily dose 
of 2 Gm. in one case.® It was soon learned that Ijeyond certain limits large 
doses were no more effective than smaller ones, and a lower scale of doses 
has been used generally in the last year. Various schedules of initial and 
maintenance therapy have been employed and of these 2 effective ones 
deserve special comment. One method®®’®^’®^’'®® has been to give an initial 
daily dose of 0.6 Gm., to give 0.4 Gm. daily when the basal metabolic 
rate has fallen halfway to normal, and then 'to give 0.1 or 0.2 Gm. daily 
for maintenance as the individual case requires. The second method has 
been to give 0.6 Gm. daily initially, continuing thus until the basal meta- 
bolic rate has fallen within normal limits; then 0.1 or 0.2 Gm. dailj'^ are 
given for maintenance. The doses are divided and given usually as 0.1 Gm. 
2, 4 or 6 times daily. Both methods have been equally effective in produc- 
ing remissions. It would appear from the clinical data that the incidence 
of toxic reactions may be lower with the use of smaller amounts of the 
drug. This will be emphasized later. 

Thiourea. Thiourea was the first drug used clinically and it was con- 
tinued until thiouracil became more generally available. Comparatively 
larger amounts of thiourea were required. The common daily dose was 
1 to .3 Gm.'*®’®® These amounts were given in divided doses 2 or 3 times 
daily. 

Thiobarbital. Originally thiobarbital Avas giA’en in doses of 0.2 to 
0.4 Gm. daily. This amount has since been reduced to 0.1 Gm. gi\’en in 
1 or 2 doses.'* 

6-ethyl Thiouracil. The dose for this drug lias not been effectiA’cly 
determined and amounts ranging from 0.02 to 0.1 Gm. daily haA’c been 
tried in the 12 cases reported.^ 

Allylthiourea. This drug has had its only adequate trial in Neiv Zealand. 
The dose giA’en aa’hs 0.4 Gm. daib'."*® 

Tetramethylthiourea. This compound has been giA'eri initially in doses 
of 0.6 Gm. daily; this Avas administered in 3 diA-ided doses. The. usual 
maintenance dose Avas 0.1 or 0.2 Gm. daily.®® 
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Diethyl Thiourea. This substance was given similarlj’ to tetrainethyl- 
thiourea. Treatment was discontinued in all cases before maintenance 
therapy could be instituted.®^ 

p-aminobenzoic Acid. This aniline derivative was given intramus- 
cularly in daily doses of 1 to 1.5 Gin. for periods ranging from 3 to 9 
months.^® 

Astwood reported that the effect of these compounds on the size of 
the thyroid in rats is a satisfactory guide to their potency in hyperthyroid- 
ism in man. Taking thiouracil as the standard vdth an assigned value of 1, 
the rat test gives thiourea a value of 0.13, and thiobarbital a value of 1.7. 
The observations in man show substantially similar relative values foi- 
these compounds.'* 

'Factors Influencing Therapeutic Response. Nearly all patients with 
Graves’ disease show partial or complete response to thiouracil. The 
incidence of failure is less than 2 %, based on the failure to show significant 
response after the dosage in current use. It is noteworthy that even in 
these cases, one-half of the failures were reported in preliminary com- 
munications and in some in which the dose or period of trial was mani- 
festly inadequate. 

Patients who “escape” from iodine have responded readily to thiou- 
racil. ''•** 

There is great individual variation in the period which elapses between 
the beginning of treatment and the clinical response. Reports have 
placed this latent period at from 1 week to 5 months. Pre-treatment with 
iodine may delay the response to thiouracil. This effect appears to 
be due to the storage of tliyro.xin resulting from iodine treatment, and 
in accordance with the supposed mechanism of thiouracil action, the more 
thyroxin available at the time, the greater the delay of thiouracil effects. 

Patients with toxic nodular goitre also show a delay in the onset of 
thiouracil response and in these it is also presumed to be due to the higher 
concentration of thyroxin present in the goitre.®’'*’®''* 

Duration of Therapeutic Response. The ultimate outlook for the 
patient with Graves’ disease under thiouracil therapy cannot be ascertained 
since the drug has been in use for a period of only 2 years. The indications 
are that in order to maintain the therapeutic remission it is necessary to 
continue the drug for a long time. In the more than 1000 cases already 
reported, approximately 10% continued satisfactorily after the drug was 
withdrami. It is noteworthy that in one serifs of 4S patients in which 
a thyroid remission was induced by thiouracil therapy for 0 months or 
longer, the theraijeutic effects continued in 77% of the cases when the 
drug was withdrawn.® There seems to be a relationship l)etween the dura- 
tion of therapy and the tendency to maintain a thyroid remission after 
the therapy is discontinued. .'Vstwood has advised at least 0 months of 
treatment.'* This is of necessity an empirical figure ljut there does not 
seem to be any method by which the optimum time can ije determined; 
experience has proved that the promptness of response, the tendency to 
therapeutic myxedema, the severity of the thyrotoxicosis, the decrease 
in gland size, and the disappearance of a bruit are not reliable indications 
for cessation of therapy.®’®’** Relapses have been prompt and frequent in 
patients treated for periods shorter than (5 months. It is important, liow- 
ever, that all patients who relapse can be re-treated successfully with the 
drug. 

report of G cases of thjTOto.xicosis treated with p-aminobenzoic acid 
has been published. The drug was given intramuscularly in large doses 
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for 3 to 9 months and produced a remission in each patient. These remis- 
sions were sustained 4 to 15 months after therapy was discontinued.^^ 
This work needs confirmation. 

Thyrotoxicosis With Comptications. Almost every clinical report has 
contained at least 1 thyrocardiac and experience has shown that cardiac 
complications are not a contraindication to thiouracil. Indeed there have 
been recorded 13 instances of auricular fibrillation and 1 instance of 
paroxysmal auricular flutter reverting to normal rhythm under thiouracil 
alone.® ,28 ,49 .es , 84 

The other most common complication was diabetes and 2 of the few 
failures reported have occurred in diabetic patients;®-®^ on the other liand 
6 diabetics have been treated successfully'' for their thyrotoxicosis. Glyco- 
suria disappeared in 2 other patients under treatmfent with thiouracil.®* 

Four acromegalics have been treated but the reports on them were con- 
tradictory.®’® 

Of exceeding interest were 2 patients who were treated during pregnancy 
with thiouracil.®® One was given the drug all during pregnancy until the 
last month when iodine was substituted; both mother and child were in 
excellent condition 5 months postpartum. The other was given thiouracil 
throughout the entire pregnancy; at delivery the child’s thyroid was 
palpably enlarged but receded rapidly. There was no retardation of its 
growth or development. No mention of breast feeding was made; this 
would be of import since thiouracil is present in human milk. 

There have been 3 other instances reported of thiouracil administered 
to pregnant women.®* In each case the pregnancy and delivery were 
uncomplicated. No comments were made of any deleterious effects on 
the child. Apparently the drug may be given with safety in pregnancy. 

Effect on the Thyroid in Man. Thereactions of the thyroid to thiouracil 
as described in animals have, in the main, been confirmed in man. Although 
in animals when the gland changes size during thiouracil treatment there 
is always an enlargement, in humans the size of the gland may remain 
unchanged or it may increase or decrease. There are instances in which 
relatively large doses early in the course of the treatment caused increase 
in the size of the gland with symptoms of. pressure and pain.'^'^®’ . In 
other cases the gland decreased in size, especially after prolonged treat- 
ment.®^’®® In cases in -which thiouracil produced no conspicuous ch'anges 
in the gland, the administration of iodine reduced the size of the gland m 
much the same way as it, does in cases without thiouracil.® In general it 
appears that changes in the size of the gland under thiouracil treatment 
are minimal, and frequently fall within the limits of error in measurement. 

The histologic picture in man resembles that found in laboratory animals. 
Glands removed at operation subsequent to thiouracil therapy showed 
hjqrerplasia and increased vascularity. In 2 of 5 cases a statistically sig- 
nificant increase in the mean height of the acinar epithelium occurred 
after treatment. In the same series mention is made that involution and 
not hj'perplasia was found in glands from patients treated with iodine 
previous to thiouracil therapy.®® 

Gland acti\’ity has been studied by means of blood hormonal iodine 
levels and by tracing radioactive iodine. It has been shown that the 
treated gland takes up much less iodine than does the normal,^ as is the 
case in the laboratory animal. Under treatment the level of circulating 
hormonal iodine falls toward normal.'*’®'’®®’®’’®® 

Effect on Metabolism. One of the most frequent laboratory procedures 
in clinical studies on th^Totoxicosis has been the determination of the basal 
metabolic rate. Study of the literature brings to light certain generalities 
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which can be made concerning the effect of these drugs on metabolic rate. 
Early papers showed that the fall in the basal metabolic rate following 
thiouracil treatment was directly comparable to that seen in the older 
series treated with iodine.^-®® The fall appeared to be most precipitous in 
the first 2 weeks and then gradually became less rapid.®-®^ Unlike the 
results with iodine there was no tendency “to escape” during continued 
treatment. In general the higher the metabolic rate, the sharper the 
decline, although the precise reaction is not predictable. The rate at Avhich 
the basal metabolic rate fell to normal was variable; in one series the range 
was from 4 to 108 days but 80% of the patients reached normal in 10 to 40 
daj"s.® The basal metabolic rate resisted a fall below normal levels."'® 

Other metabolic functions have been studied. It has been stated that 
the first detectable effect of thiouracil is a fall in the circulating hormonal 
iodine.®^ Creatinuria was decreased during therapy; this was one of the 
earliest changes. The creatine tolerance was increased toward normal. 
In general the circulation time was increased. The earliest study on the 
metabolic effects of thiouracil was made by Sloan and Shorr.®® This dis- 
closed that the nitrogen, calcium, and phosphorus balances tended to 
become progressively more positive. The serum cholesterol level rose; it 
was noted that it often attained m3a'edematous levels before the basal 
metabolic rate gave evidence of myxedema. This was considered a reliable 
indication for decreasing the dose of the drug.® 

Effect on Symptoms. It is difficult to tabulate chronologicallj'- the 
order of the disappearance of sjanptoms after beginning thiouracil therapy". 
Tliere was agreement that the skin flush, tension, and irritabilitj’' were the 
first to disappear and that the tachycardia was the last. The patient 
usually experienced subjective relief in advance of laboratorj' evidence of 
a response to the drug.®-®'®*'''® 

Effect on Exophthalmos. For the most part thiouracil and other anti- 
thj'roid drugs have no effect on the exophthalmos associated with thjTo- 
toxicosis."*"®'^®'®® Apparent decrease in exoplithalmos is brought about bj’ 
a lessened lid spasm and by a gain in body' w'eight during treatment.®’"'’®'®’'*® 
Several cases of an increase in e.\'ophthalmos were reported by Barr and 
Shorr.® Combined therapj' with thyroid extract or thjToxin has been said 
to cause improvement in some cases; in none of these latter cases "was the 
action of thiouracil impeded."’^*’®® 

Effect of Added Iodine, We have alreadj' mentioned that pre-treatment 
with iodine ma.y cause a delaj" in the response to thiouracil. Once thiouracil 
has acted, however, additional iodine elicits further response. Despite its 
inabilit.v to lead to the formation of th.vroxin in a gland under the influence 
of thiouracil, it appears to reduce the vascularity and to cause persistent 
bruits to disappear; likewise it is capable of inducing histological involu- 
tion of the gland.*’®’®® These effects have prompted the use of iodine late 
in the thiouracil preparation of the patient for th^Toidectomyd® 

Pre-operative Use. ThjToidectomj* has been carried out subsequent to 
thiouracil therapy in 2 types of cases. These were either patients who 
developed untoward reactions to the drug or patients in whom the drug 
was used to test its efficacy in pre-operative preparation. As a pre-operative 
measure thiouracil is advantageous because it can !je used in eases which 
have become unresponsiv'e to iodine.®® Probably its most distinct advan- 
tage was that the metabolic state more closely approached the normal 
than with iodine; the patient became a better operative risk. Further, 
the problem of anesthesia and sedation vi'as more satisfactorily managed.'® 
The pre-operative treatment should be carried out until the basal metabolic 
rate has reached normal levels. 
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The disadvantages encountered in operation were: increased vascularity 
of the gland, occasional difficulty in controlling hemorrhage, and occasional 
difficulty in establishing cleavage planes, the latter particularly in patients 
who had, had previous thyroidectomies.®’^’'^'’''® The vascularity and bleed- 
ing were controlled to some extent by the addition of iodine in the latter 
days of thiouracil treatment.'® The post-operative course of patients 
pre-treated with thiouracil has been uneventful; no instance of tliyroid 
storm has occurred and only a few post-operative fevers have been re- 
ported.'’'-’'''’'’''’"’®® On the whole, the smoother post-operative course 
makes thiouracil a distinct improvement over iodine. 

Toxic Reactions. The major disadvantage in the use of anti-thyroid 
drugs has been the incidence of toxic reactions. For the most part these 
reactions are not serious and all save one are alleviated by rvithdrawal of 
the drug or reduction of the dose; the sole exeeption is agranulocytosis. At 
present there are reports of 5 deaths directly attributable to these drugs. 

The toxic reactions to thiourea most usually encountered were n’ausea, 
vomiting, and halitosis. One case of granulopenia and thrombopenia was 
reported.''’' The reaction occurred 5 weeks after the onset of treatment 
and after S3 Gm. of the drug had been given. A study of the bone marrow 
showed a reduction of platelets and mature polymorphonuclear cells. The 
p'dtient recovered when the drug was discontinued. Fever and maculo- 
papular rash have also been reported.®' 

The toxic reactions to thiobarbital have consisted of fever, arthralgia, 
and myalgia which occurred in the second u'eek of treatment and which 
lasted for 4 to 7 days even after the drug was withdrawn. Two other 
reactions have been described : 1 case of acute liver failure and 1 case of 
agranulocytosis which terminated fatally.'* 

The toxic reactions encouirtered thus far with tetramethylthiourea have 
been fever, rash, and urticaria.®® 

In the case of diethylthiourea all 4 patients treated developed headache, 
anxiety, palpitation, and slight dyspnea.®® These are in all probability 
the result of circulatory disturbances characteristic of this class of com- 
pounds.®® 

The reactions to thiouracil have been numerous. Those which occurred 
with least frequency were: fever,® arthralgia, jaundice, ®®’®®’®® diarrhea, 
lyrnphadenopathy,®®’®®’®®’"' edema of the legs,'®’®®’®® urticaria,®® conjuncti- 
vitis,®’'® low carbon dioxide combining power,®® oral infections," nausea, 
crystalluria,''’* and hematuria.®’''* These reactions were controlled when the 
drug was withdrawn or the dosage was reduced. Crystalluria was suc- 
cessfully treated in one series by the concurrent administration ol sodium 
bicarbonate.'*'* This point needs confirmation for D. R. Gilligan (unpub- 
lished data) reports that there is virtually no difference in the solubility 
of thiouracil in the urine over the physiological range of pH. Not all of 
these reactions can be traced specifically to the drug; the fever and con- 
junctivitis could be definitely attributed to the drug since both reactions 
recurred promptly following a test dose. 

The serious reactions to thiouracil have involved the blood and blood- 
forming organs. Neutropenia has been reported in at least 35 cases; this 
could be relieved by withdrawal or reduction of the drug. In other^ cases 
the neutropenia did not persist even when the drug was continued in the 
same dose. 

The fatal reactions to thiouracil have all been caused by agranulocytosis. 
At the time of this writing 3 such cases have been reported. These occurred 
from 6 weeks to 1 year after treatment was begun. Bone marrow studies 
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liave been performed in several cases; all shoved a deficiency of the 
myeloid elements and a maturation arrest in the myeloid series.*'- It is 
noteworthy in this re.spect that 1 case of agranulocytosis was foreshadowed 
by the appearance of immature forms of the myeloid series in the peripheral 
biood.^*® 'With improvement the bone marrow precedes the peripheral 
blood to normalcy. The most important factors in the treatment of 
agranulocytosis have been the prompt withdrawal of the drug and the 
control of infection with penicillin.® The liver e.vtract advocated on the 
l)asis of laboratory experiment has been used in treatment; its value is 
still uncertain. Pyridoxine hydrochloride intravenously in large doses has 
been advocated for the treatment of agranulocytosis.*' 

The toxic reactions appeared to be a manifestation of acq>nred drug 
sensitization. This was borne out by the fact that subsequent small doses 
brought about a return of toxic symptoms. 

Treatment of Angina Pectoris. A report has been published concerning 
the effect of thiouracil on angina pectoris.*® Ten patients were included in 
the series. The daily dose of the drug varied from 0.4 to 1.2 Gm. Under 
treatment S of the 10 patients were relieved of pain; 4 of them became 
entirely symptom free. The therapeutic effect was correlated with the 
fall of the basal metabolic rate to subnormal levels. This report aj)pears 
to us to be significant in light of the fact that thiouracil increases the, 
tolerance of the rat heart to epinephrine. 

In closing, it may be noted that the compounds which have been di.s- 
cu.ssed have jiroved not only of great value in the treatment of Graves’ 
disease, but have provided a new tool for the investigation of the physiology 
of the thyroid gland. 
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FIBROCYSTIC DISEASE OF THE PANCREAS 

By David G. Pugh, M.D. 

In 1888 Gee described a condition encountered among infants and 
cliildren which he called "celiac disease.” For many years this condition 
was regarded as a disease entity but gradually it became apparent to 
various investigators that it was in reality a sjmdrome which could be 
produced by more than one disease. This syndrome consists of large pale 
offensive fatty stools, abdominal distention, anorexia, wasting, stunting 
of growth and symptoms of deficiency disease.^^ Owing to the t.\-pe of 
bulky fatty stools that are usually seen, it is often called “steatorrhea,” 
a term which has become almost synonymous with the term “celiac 
.syndrome.” In many cases the symptoms are produced without any 
clinical or postmortem evidence of pancreatic disease; in such cases the 
disease is classified as idiopathic steatorrhea or true celiac disease. As the 
result of many investigations, which are well described by Rauch, Litvak 
and Steiner,"^ it became obvious that in some cases disease of the pancreas 
with pancreatic insufficiency was present. These cases have been desig- 
nated under various terms, such as “pancreatitis, pancreatic disease, 
atrophy of the pancreas, congenital pancreatic steatorrhea, celiac disease, 
congenital cystic fibromatosis of the pancreas, agenesis of the exocrin 
portion of the pancreas, congenital pancreatic disease, cirrhosis of the 
pancreas and congenital familial steatorrhea” (Wolman).'® Since the 
pathologic changes in the pancreas are consistently similar in these cases, 
it is suitable to designate the condition as “fibrocystic disease of the 
pancreas” and avoid use of the synonyms. 

IMost of those who have studied pancreatic insufficiency with steatorrhea 
due to fibrocystic disease of the pancreas have been impressed by the 
constant association of chronic respiratory infection. In the past fibro- 
cystic disease of the pancreas has been diagnosed most frequently at 
necropsy; recently, however, the diagnosis has been made before death 
in an increasing percentage of cases. If physicians were stimulated to 
suspect the condition more frequently, the diagnosis could be made witli 
accuracy in many instances. At times this stimulus may be provided by 
the roentgenologist. 

The pathologic picture of fibrocystic disease of the pancreas presented 
at necropsy is usually typical.* Few changes can be recognized 

grossly. There may be infiltration with fat or increased fibrous connective 
tissue between the lobules. The lobules may be rounded and uneven in 
size. Occasionally a grating sound may be produced as the knife passes 
through calcified concretions. The gland may appear firmer than normal 
and contain tiny opaque grayish yellow nodules. The pancreatic duct is 
patent in most cases. The histologic appearance may vary considerably, 
depending on the stage of development of the disease, though certiiin 
constant findings are seen in most cases. Dilated ducts and acini contain 
varying amounts of coagulated secretion. The cells of the epithelial lining 
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are flattened and, rarely, may be squamous in type. The secreted material 
occasionally has a laminated appearance and is usually acidophilic. The 
intra-acinar material stains like mucus and occasionally like fibrin. The 
acinar parenchjnna is atrophied and the interacinar and interlobular con- 
nective tissue is increased and may be infiltrated witli lymphocytes or 
mononuclear cells. The islands of Langerhans are usually normal in size 
and number, although slight but definite abnormality of these has been 
seen. 

In association with the pancreatic changes pulmonary lesions are 
present almost invariablj'’ at the time of death. Grossly these consist 
of suppurative bronchitis and bronchiectasis with patches of bronclio- 
pneumonia and abscesses. The bronchi usually are filled with muco- 
purulent exudate that is unusually thick and tenacious. Emphysema and 
atelectasis, usually in combination, are common findings. Thickening of 
the bronchiolar walls, replacement fibrosis in those portions of the lungs 
repaired after staphylococcic destruction and diffuse bilateral acute and 
chronic bronchopneumonia characterize the later stages of the disease. 
Staphylococcus aureus is present in most cases. 

The pathogenesis of fibrocystic disease of the pancreas is not definitely 
known. Many early investigators regarded it as a congenital deformity 
which consists of stenosis or atresia of the pancreatic ducts. However, 
this has been found but rarely. The presence of this condition in the new- 
born and its early manifestations in infants, to be sure, does suggest con- 
genital origin. A familial tendency has been observed by many who have 
studied the disease and this is indicated in many of the synonyms that 
have been used to describe this condition. In this regard, DtanieF said, 
“It must be stated that although the syndrome appears to be familial, 
often the affected child is the only infant in a large family who has or has 
had the disease.” The congenital nature of the disease also is suggested 
by the frequency with which other congenital anomalies are found. 
Harper'- said the disease was probably congenital. Rauch-® and his asso- 
ciates thought that the lesions of both the pancreas and the lungs were 
due to congenital anomalies. They said that there appeared to be a con- 
genital constriction of the pancreatic ducts and of the bronchial passages 
which might be explained by the embryologic development since the 
anlagen of the lungs and pancreas develop from a common entodermal 
tube. Congenital anomaly of the bronchial tree causes it to be more 
susceptible to infection and in this way they explained the pulmonary 
infection in this disease. 

Patients who have this disease may have vitamin A deficiency. Some 
observers have suggested that this deficiency may result in obstruction 
of the pancreatic ducts by masses of desquamated epithelial cells a 
concept that is not generally accepted. Parmelee®® and later Andersen,' 
however, have suggested that the pulmonary infection may be secondary 
to changes in the bronchial epithelium i-esulting from vitamin A deficiency. 
Most observers doubt that vitamin A deficiency is of primary etiologic 
importance but recognize that it may become a complication. 

It is frequently stated that the respiratory infection is probably only 
the result of lowered resistance. However, in many instances pulmonary 
involvement is marked before there is much evidence of malnutrition. 

Blackfan and Wolbach® in 1933 suggested that the lesions of the pan- 
creas might be due to thickening of acinar secretion; this inspissated 
material might cause obstruction with resulting hypofunction of the 
secretory mechanism. Earber®-® also advanced the theory that the pan- 
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creatic secretion is abnormal in fibrocystic disease of the pancreas, and 
that this causes intrinsic obstruction of tlie acini and small ducts, finally 
producing dilatation and obstruction in the larger ducts. He also found 
inspissation of secretion and dilatation of similar character in the glands 
of the trachea, bronchi, esophagus, duodenum, gallbladder and intcstinid 
tract, the inspissation of bile perhaps being sufficient to cause intrahepatic 
biliary obstruction. He suggested that a generalized disorder of secretory 
mechanism must be present. This involves many glandular structures 
but exerts its gi-eatest eft'cct on the pancreas. This concept needs fui'thcr 
confirmation. 

Baggenstoss'and Kennedy^ reported that in their cases the bronchi and 
their glands usually contained an exudate more purulent than mucoid. 
Occasionally the bronchial glands were distended with mucus. The only 
evidence of abnormal glandular secretion, except of these structures and 
the pancreas, was dilatation and distention of the glands of the duodenum. 

Meconium ileus which is grouped with fibrocystic disease of the pancreas 
was described by Landsteiner’® in 1905. The term is used to describe an 
intestinal obstruction in the newborn caused by inability of the intestines 
lo propel through the lumen a thick, mucilaginous meconium, the altered 
physical state of which is explained by the failure of pancreatic enzjunes, 
particularly trypsin, to act on it during intra-uterine life.® Rupture of 
the intestines and meconium peritonitis may occur. As a rule typical 
lesions arc found in the pancreas at necropsy. There is pancreatic fibrosis 
with obstruction to the outflow of secretions. This obstruction has been 
proved in some cases to be due to congenital atresia or stenosis of the main 
pancreatic ducts. In other instances obstruction is not so obvious and 
the appearance is suggestive of the changes found in the pancreas of 
infants who have died of fibrocystic disease of the pancreas. Lesser degrees 
of intestinal obstruction may be produced by inspissated meconium rcsidt- 
ing from stenosis of the ileocecal valve without pancreatic achylia. The 
condition has l)een reimrted as resulting from obstruction to the flow of 
bile into the intestines without any lesion of the pancreas. Respiratory 
infection does not occur in these patients, probably because they die so 
soon after birth, Hurwitt and Arnheim reported the cases of 2 infants 
who survivcfl for some time after surgical intervention had relieved the 
intestinal obstruction. Both of the.se patients flierl as the residt of respira- 
tory infection. Meconium ileus has been reviewed recently by Hurwitt 
and .-Xrnheim''' and Kaufmann and Chamberlin.’® 

The current interest in fibrocystic disease of the pancreas is based largely 
on the independent investigations of the subject by Andersen' and Harper'' 
in lO.'lS and Rauch, Litvak and Steiner-'' in 1939. Aided by observations 
made by earlier investigators supplemented with astute personal observa- 
tions. these investigators have ofl’ered a lucid and coherent concept of 
fil)rocystie disease of the pancreas as a disease entity. Rarber®-” has con- 
tributed much to coTiipletc the picture. 

Andersen' divided the eases of filwocystic disease of the pancreas into 
3 groups: (I) those in which death occurred in the neonatal period; there 
was intestinal obstruction due to meconium ileus; (2) those in which death 
occurred between the neonatal period and 0 months of age; the outstanding 
.symptom in these cases was chronic respiratory infection but also there 
was failure to gain weight and, in some instances, other mild evidences 
of celiac .syndrome; (3) those in which death occurred after the sixth month 
of age; chronic respiratory infection was present and in most instances 
the celiac syndrome was obvious. 
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Not much need be said with regard to patients who have meconium 
ileus. The outstanding symptoms are those of intestinal obstruction, and 
death comes rapidly. Neuhauser^ reported having made the diagnosis of 
meconium ileus before death by means of roentgenologic methods; this 
topic will be mentioned later. 

The second group described by Andersen is the largest, according to 
Farber, and includes the cases most difficult to recognize. The symptoms 
are predominantly those of chronic respiratory infection. Cough which 
usually is dry and brassy to begin with will persist, perhaps for weeks, 
and become productive. It frequently simulates the cough of pertussis. 
Gastro-intestinal symptoms may be moderate or absent. The patient’s 
failure to gain weight may be falsely attributed to the ehronic respiratory 
infection. Steatorrhea may be present but frequently is not obvious 
grossly and may be overlooked. Since the celiac syndrome often is not 
obvious, the true nature of the disability frequently escapes recognition 
until necropsy. 

The third group described by Andersen is smaller than the second and 
usually offers less difficulty in diagnosis. As a rule the celiac syndrome is 
obvious and this with the associated chronic respiratory infection should 
suggest fibrocystic disease of the pancreas. The longer the patient survives 
the more likely that the typical celiac syndrome may be seen. 

Fibrocystic disease of the pancreas must be distinguished from idio- 
pathic steatorrhea. As many observers have noted, fibrocystic disease of 
the pancreas becomes apparent earlier in life. Prolonged chronic res- 
piratory infection is an outstanding feature of this condition, whereas in 
idiopathic steatorrhea pulmonary infections are found only as an inter- 
current infection or a terminal affair. Death in idiopathic steatorrhea is 
the result of exacerbation of the diarrhea as a rule. Patients who have 
idiopathic steatorrhea live longer than those who have pancreatic disease. 
The familial tendency is not found in idiopathic steatorrhea. 

If fibrocystic disease of the pancreas is present, the diagnosis can he 
substantiated by estimating the pancreatic enzymes of the duodenal 
contents. Their absence or marked diminution (especially trypsin) is 
almost pathognomonic of the fibrocystic disease when it occurs in patients 
of this age who have the symptoms described. The fat content of the stools 
is an aid to diagnosis but this can be deceiving. It is true that in the.se 
cases the stools are often grossly fatty but at times this is not so obvious. 
In Andersen’s second group it has been found that steatorrhea may be 
mild and may not be recognized. Also it must be kept in mind, when 
analyzing stools for fat, that the fat content of stool specimens of normal 
infants and children varies from 10 to 80% of dried feces.® The ratio of 
neutral fat to hydrolyzed fat does not serve to distinguish fibrocystic 
disease from idiopathic steatorrhea, as in the former intestinal lipase is 
still present.*'® Other laboratory tests are of interest but not pathog- 
nomonic. Rauch and his associates and Shohl, May and Shwachraan liavc 
taken the excessive nitrogen in the feces to be an important point in 
diagnosis. Glucose tolerance tests reveal a low type of curve. Tests for 
vitamin A absorption show impairment. 

Blackfan and May® and others have reported that roentgenologic studies 
in cases of fibrocystic disease of the pancreas show the small bowel pattern 
suggestive of a deficiency state described by Snell and Camp.*® This con- 
sists of delayed motility and alterations in the mucosal relief of tiie small 
intestine, with smoothing of the contours of the lumen, obliteration of the 
usual markings of the tahulx connivcnies and clumping of the barium m 
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elongated masses. It is true that such an appearance may be obtained in 
fibrocystic disease but it must be kept in mind that other conditions can 
produce this picture, and among them idiopathic steatorrhea. Golden” 
stated that before the age of 1 month, and frequently up to 3 or 4 months 
of age, the normal small bowel pattern is identical with that of a deficiency 
state in older children. Neuliauser-^ warned that this appearance in infants 
must not be falsely interpreted as evidence of fibrocystic disease of the 
pancreas. Thus the roentgenologic examination of the small bowel is of 
limited value in this condition. 

Neuhauser^^ has described the roentgenologic appearance of the abdomen 
in infants with meconium ileus and by his criteria he has been able to 
make a correct diagnosis in 4 of the last 10 cases that he has seen. In those 
cases in which no definite roentgenologic diagnosis could be made, there 
was only evidence of intestinal obstruction as shovm by marked dilatation 
of loops of small bowel with gas and fluid levels in the small bowel when 
the patient was in the erect position. This picture simulates that produced 
by atresia or marked stenosis of the ileum. In those in which the roent- 
genologic diagnosis of meconium ileus could be made the appearance was 
different and, according to Neuhauser, typical of that condition. The 
small bowel was distended without abrupt termination of the visualized 
gas. Small and minute bubbles of gas could be seen throughout the distal 
part of the small bowel. These were apparently caused by small quantities 
of gas being forced into the tenacious mucilaginous meconium. This 
distal portion of the bowel was somewhat smaller in caliber than that 
which was well distended with gas. By these criteria more eases of mecon- 
ium ileus may he diagnosed in the future. 

Osteoporosis has been reported rather consistently in fibrocystic disease 
of the pancreas. It is considered to be due to vitamin D deficiency or 
lack of calcium or both. It is remarkable that rickets is found so infre- 
quently. 

A review of tlie reported cases of fibrocystic disease of the pancreas 
revealed that roentgenograms of the thorax have l>een used frequently 
to confirm the clinical evidence of respiratory infection. As a rule, how- 
ever, no detailed report of the roentgenologic appearance of the lungs has 
been given, it has merely i)een stated that the roentgenograms revealed 
pulmonary infection. In view of the prominent part that respiratory infec- 
tion plays in this disease, it is surprising that more attention has not been 
paid to the roentgenologic a.spect. 

Attwood and Sargent- in 1942 dc.scril)ed pulmonary changes in fibro- 
cystic disease of the pancreas as seen in the roentgenogram. Tliey reported 
a diffuse pathologic process involving all lobes of both lungs which was 
most marked at the lulus and decreased in intensity toward the periphery. 
These roentgenologic changes suggasted a chronic or suliacute process 
rather than an acute change. They noted that in contrast to ordinary 
bronchopneumonia the changes in the upper parts of the lungs were as 
marked as in the bases. Repeated roentgenographic examinations revealed 
the chronic character of the pulmonary changes. They found atelectasis 
in a certain percentage of cases. These pulmonary changes were observed 
also by i\Icnten and Middleton. Baylin^ noted also persistent mottling 
at the bases; a honeycomb-like picture in the lower part of the lungs 
coupled with linear streaks that followed the bronchial pattern and was 
suggestive of bronchiectasis. 

In 1943 Neuhauser-® made a careful study of the roentgenograms in 
cases of this type and again in 1944.=* He divided the pulmonary changes 
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into two stages. The first stage is characterized mainly by emphysema and 
atelectasis, dependent on the partial or complete obstruction of the 
bronchi or bronchioles. He noted that lobular atelectasis is difficult to 
distinguish from pneumonic consolidation. Lobar atelectasis is more 
easily identified. Obstructive emph^’-sema., he found, was not difficult to 
identify; it produced increased radiolucency of the lung and widening of 
the interspaces with, perhaps, bulging. In the second stage infection is 
superimposed. In this stage hilar shadows are accentuated and broncho- 
vascular markings are increased symmetrically. There are multiple areas 
of peribronchial infiltration which ma}" be confluent and suggestive of 
pneumonia. Bronchiectasis is often present but he found, as have others, 
that it is difficult to identify without the use of lipiodol, which is not war- 
ranted. The ultimate roentgenologic appearance in a patient with long- 
standing disease is one of pulmonary emphysema with areas of atelectasis. 
There is diffuse pulmonary infection consisting of peribronchial pneumonia, 
bronchiectasis and bronchiectatic abscesses. The changes in the lungs are 
widespread, involve the apices and bases and extend to the periphery. 
As a rule there is no pleural reaction. « 

The pulmonary changes described by Neuhauser have been confirmed 
by Merner and Bosma.^® They, too, emphasized the frequency with which 
emphysema and atelectasis are found associated with widespread pul- 
monary infection on roentgenologic examination. 

Neuhauser’s description is outstanding; with his correlation of the 
roentgenologic aspects of the pulmonary changes with the well-established 
clinical and pathologic picture. Atelectasis and emphysema with super- 
imposed infection are the usual findings at necropsy. Neuhauser has shown 
that these changes can be seen in the roentgenogram before death. 

As the result of his roentgenologic observations, Neuhauser has said: 
“ It is to be assumed that this appearance is not pathognomonic, but the 
recognition of a long standing pulmonary disease characterized by obstruc- 
tive emphysema, atelectasis, fibrosis, and widespread infection involving 
all lobes is sufficient to warrant a tentative diagnosis of pancreatic fibrosis 
to be confirmed bj' examination of the enzyme activity of the duodena] 
juice.” Merner and Bosma also considered the pulmonary changes fairly 
characteristic and of great assistance in diagnosis. These opinions seem 
to be warranted. It is expected that this diagnosis will be suggested by 
roentgenologists more frequently in the future and it is hoped that as a 
result of this, the antemortem diagnosis m’ll be made with greater accuracy. 

In 8 of the last 10 cases of fibrocystic disease of the pancreas seen by 
Neuhauser, the roentgenologic diagnosis has been correct. Markel” 
reported 1 case in which the diagnosis was first suggested by the roent- 
genologist. In this case the celiac syndrome was slight and had not been 
noted until the roentgenograms of the thorax revealed changes which were 
suggestive of those found associated with fibrocystic disease of the pan- 
creas. 

Summary. It may be stated that fibrocystic disease of the pancreas 
is a disease entity characterized by the celiac syndrome and chronic 
respiratory infection. There is pancreatic insufficiency and the most 
important diagnostic procedure is e.xamination of the duodenal contents 
for eHdence of pancreatic achylia. Symptoms of respiratory infection 
often predominate and roentgenologic examination of the thorax may 
reveal pulmonary changes that are rather characteristic of this disease. 
IMeconium ileus may be diagnosed, at times, ijy the roentgenologic exam- 
ination of the abdomen. 
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Public Medical Cahe. Principles and Problems. By Franz Goldjiann, 

M.D. Pp. 226. New York; Columbia Univ. Press, 1945. Price, S2.75. 

Public medical care is defined as being medical care supported by funds 
obtained bj'' taxation and administered by a governmental agency. The book 
is written from the point of ■shew that “adequate medical care is a fundamental 
human right. It is as much a necessity of life as food, shelter, clothing, or 
education. It is no less indispensable to the weU-being of society than to the 
welfare of the individual.” With such a premise, it is ine^^table that the 
extensive study on which this book is based would reveal many inadequacies 
in the present status of public medical care. In fact, the first and major 
part of the book entitled “Haphazard Growth,” is largely concerned with 
the existing problems of public medical care, while in each chapter the progress 
of haphazard growth is traced. 

After a short discussion of the pattern of progress, the developments of public 
medical care are described and analyzed in chapters on the growth of public 
hospitals, the evolution from the “fr,ee dispensary” to the public medical 
center, the development of programs of public medical care for “persons in 
need” and the present framework of administration of public medical care. 

The second part of the book is entitled “Directed Growth,” and is a dis- 
cussion of the planning for hospitals and related facilities, for the organization 
of professional services, for the pajnnent for facilities and services and for the 
administration of medical care, closing with a section on the underlying 
philosophy of medical care. 

The book is an attempt to give a composite picture of public medical care 
as a social movement. It is written with a background of knowledge of the 
problems of other countries, as well as of our ovm, and exhibits a careful and 
documented study carried on with a broad and comprehensive ■shew of the 
relation of health to social security and economic welfare. 

It is clearly demonstrated that the haphazard growth of medical care that 
has taken place in this countrj’^ has resulted in administrative confusion and 
lacks system or unity, and the conditions have led many who have seriously 
studied the problems of public medical care to agree that “the house urgently 
needs rebuilding from bottom up.” The book serv^es a useful and important 
purpose bj’^ bringing into a clear light the present deficiencies of public inedical 
care in relation to the possible value of modern medicine both for the indmdual 
and for society as a whole. 

In the second part of the book, on planning for medical care, the author 
has presented soimd and forward-looking ideas which conform vnth those that 
are now rapidty taking shape in planning a National Health Service as a 
component of social security. He, therefore, directs attention to the fimda- 
mental problems involved in a wide coverage of the population by public medi- 
cal care, and points out the desirability of centralized control with localized 
administration in the planning of medical care. This book should be given 
careful consideration bj’’ both lajnnen and members of the health professions 
who are called upon to participate in the field of health organization. It is a 
field in which aU intelligent people should have an interest; because, as quoted 
from Sir Arthur Newholme, “The health of ever 3 '’ individual is a social concern 
and responsibility” as “medical care in its widest sense for every individual is 
an essential condition of maximum efficiency and happiness in a civilized 
community.” Cr. R. 
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Penicillin and Other Antibiotic Agents. By Wallace E. Herrell, M.D., 
M.S., F.A.C.P., Assistant Professor of Medicine, the Mayo Foundation, 
University of Minnesota; Consultant in Medicine, Mayo Clinic, Rochester, 
Minn. Pp. 348; 45 figs.; 45 tables. Philadelphia: W. B. Saunders, 1945. 
Price, S5.00. 

This monograph deals fully with the preparation, properties, and uses of 
penicillin and similar agents. Published at a time when optimal dosage for 
the treatment of many diseases is still a matter to be determined, it can be 
used only as an introduction to therapy, lest one fall into serious error. 


Dietotherapy. Clinical Application of Modern Nutrition. Edited by 
Michael G. Wohl, M.D., Associate Professor of Medicine, Temple Uni- 
versity School of Medicine; Chairman, Adwsory Committee on Nutrition, 
Philadelphia Department of Public Health. Pp. 1029; 92 figs., numerous 
tables and charts. Philadelphia, W. B. Saunders, 1945. Price, SIO.OO. 

A BOOK as inclusive as this one can be recommended as a source of ready 
reference. The importance of various elements of diet is considered fully in 
relation to normal nutrition, periods of “physiologic stress," and many medical 
and surgical disorders. The 44 sections have been written by 58 contributors. 
The material is well organized, and is enhanced bj' an adequate inde.N and 
bibliography. The reader might even be warned against becoming engrossed 
to the extent that he forget therapeutic measures other than food and vitamins. 

W. J. 


Tilvu.ma in Internal Diseases. By Rudolph A. Stern, jM.D., Asst. 
Attending Physician, City Hospital, New York, N. Y. Pp. 590. New York: 
Grune & Stratton, 1945. Price, S6.75. 

The part that trauma may play in causing or aggravating intenial diseases 
is always a perplexing problem. Legal aspects of these questions, often 
scientifically insoluble, must be decided by the courts; however, that justice 
may he best served, it is important that all facts be readily available. Dr. 
Stern's book is a critical compilation of important case histories and experi- 
mental work bearing on these diseases. As such it helps fill a gaj) in the 
literature in English. 

In the introduction the author discusses the problems and common errors 
of rendering testimony in medico-legal cases. Then follows a systematic 
recital of various diseases, with abundant documentation from the medical 
and legal literature. Tiie examples used are chosen either because they carry 
weight as scientific ewdcnce or because thej' demonstrate the courts’ demon- 
strated attitude in such cases. 

There is a good bililiography. The printing is good but the quality of paper 
and binding show the effect of wartime shortages. 

This book will be most useful to practitioners who must give evidence and 
express ex])ert opinion in the courts and to lawyers who deal with such cases 

W. S. 

Effective Living. By C. E. Turner, A.M., Ed.IM., Sc.D., Dr.P.H., Pro- 
fessor of Public Health, ^Massachusetts Institute of Technologj” fonnerly 
Assoc. Professor of Hygiene, Tufts IMedical and Dental Schools; and Eliz.\- 
BETH IMcHose, B.S., iM.A., Director of Physical Education for Girls and 
Ciiairman of the Health Council, Senior High School, Reading, Pa. Second 
Ed. Pp. 432; 164 ills. St. Louis: Mosby, 1945. Price, .82.00. 

The authors’ aim is to help youth discover ways of effective li\-ing, which 
they interpret as the development of one’s maximum capacity as an individual, 
as a member of the family group, and as a useful citizen. Much factual 
material is included in simple terms which are rendered still more compre- 
hensible by a full Glossary. Any youth who has sjmpathetically studied and 
assimilated the wisdom in these 400 small pages will necessarilv be greatly aided 
toward the triple goal. Most of us would scoff, however, at the hope of 
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getting any number of youth to do just this, were it not for the experiences 
of the authors in the class room and the success that they seem to have met 
in at least 2 high schools. Caveat criticus! E. K. 


The HmiAN Body, By Logan Clbndening, M.D., Professor of Clinical 
Medicine, University of Kansas. Fourth Ed. Pp. 443; 106 figs. New 
York: Alfred A. Knopf, 1945. Price, S4.00. 

This little book remains a readable introduction to medicine for the laity. 
It contains some misstatements of fact, however, and might be criticized by 
voracious readers of the news magazines as being a little out of date. W. J. 


The Story of a Country Medical College. A History of the Clinical 
School of Medicine and The Vermont Medical College, Woodstock, Vt., 
1827-1856. By Frederick Clayton Waite. Pp. 213. Montpelier, Vt.: 
Vermont Historical Society, 1945. Price, 84.50. 

As the author points out, the major importance of this book is that it is the 
first history of a country medical college to be published. They had charac- 
teristics quite different from those of urban medical colleges. One third of 
all the medical colleges founded before the Ci\al War were country medical 
colleges and not far from one-third of all the men who attended any medical 
college before 1861 went to a country medical college. For Vermonters it has 
the added local interest of details (including a catalogue of faculty and students) 
about one of the state’s influential educational institutions, successful in its 
day but “almost forgotten in the 88 years since it closed.” We read of the 
College’s foundation by Dr, Joseph A. Gallup in 1827, of his frustration by 
younger associates leading to his resignation after 8 years, of its temporary 
affiliations vith 2 colleges of Arts (Waterville, Middlebury), of its 18 years 
of independent existence, and 20 years of cooperation with another school, 
of such items as the difficulties in teaching anatomy, and dissensions in the 
faculty, that have a familiar ring for the larger as well as the smaller schools. 
French methods of physical diagnosis were brought to the Vermont Medical 
College by Alonzo Clark in 1842, experimental mammalian phj'siology (gastric 
fistulas in dogs aw Beaumont) by J. C. Dalton, Jr., in the fifties. But medical 
education was already concentrating in the larger centers where clinical 
instruction was available and in 1857 decreasing attendance caused the 
resignation of the faculty and brought an end to our storj". 

The author has performed a “labor of love” satisfactority, as was to be 
expected from his well-rounded education and previous historico-literary 
actmties and affiliations. E. K. 


The History of Surgical Anesthesia. By Thojus E. Keys. With an 
Introductory Essay by Chauncey D. Leake, and a concluding chapter. 
The Future of Amesthesia, by Noel A. Gillespie. Pp. 191. New York: 
Schuman’s, 1945. Price, 86.00. 

Dr. Keys appropriatety begins his admirable special history ivith an 
illustration from the Nuremberg Chronicle of the first recorded anesthesia-y 
the “deep sleep” that fell upon Adam when Eve was brought forth from his 
side. From then on, the same entertaining point of xdew carries us, both 
pleasantly and authoritatively, rapidly through the early stages (28 pages 
from “the beginnings" to Morton), with the bulk of the text devoted to the 
last 100 years. The 16 parts of Section I deal separately with a number of 
general and local anesthetics, “twilight sleep,” anoci-association, various 
modes of administration (rectal, caudal, intravenous, endotracheal, etc.), 
apparatus, and physiologic and pharmacolo^c factors. One of the most 
praiseworthy features of the book, a feature which indeed sets a high standard 
for other special subject histories to emulate, is the rich bibliographj'’ offered m 
quadruple form (references for Section I, a chronologic list, a lust by subject, 
then by author) which greatly increases its value for those seeking sources in 
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this field. The 77 pages that they occupy are rvell spent, even in these days 
of paper shortage, and testify to the painstaking scholarly nature of the vhole 
volume. The interesting personalized Introductory Essay by Leake — him- 
self a distinguished maker of anesthesia history — together vdth N. A. Gillespie’s 
comments on The Future of Anesthesia, and Fulton’s Appendix on the Morton 
and Warren Tracts on Ether (Letheon) add still further to the value and 
interest of this excellent production. The Reviewer wishes to add a final 
word on the advantages accruing from the excellent qualifications of those 
who contributed to the contents of the book and from their easy access to 
the greatest of medical libraries. E. K. 


The Avitajiinoses. The Chemical, Clinical and Pathological Aspects of 
the Vitamin Deficiency Diseases. By Walter H. Eddy, Ph.D., Emeritus 
Professor of Physiological Chemistry, Teachers College, Columbia Univ.; 
and Gilbert Dalldorf, M.D., Pathologist of the Grasslands and Northern 
Westchester Hospitals, Westchester Countj', N. Y.: Third Ed. Pp. 438; 
numerous plates and tables. Baltimore: Williams & Wilkins, 1944. 
Price, S4.50. 

This well-known treatise on the avitaminoses is now in its 3rd edition. 
It has been carefully revised; the chapter on the mode of behavior of the 
vitamins has been rewritten. The chemistry and nature of the individual 
vitamins^ the pathology of experimental avitaminoses and of the clinical 
deficiencies is presented in detail. An excellent bibliography is appended. 
Tables of the vitamin values of foods and laboratorj’^ tests for the recognition 
of deficiency states are also included. • E. W. 


Annual Review of Biochemistry, Vol. 14. Edited by James Murry 

Luck and James H. C. Smith. Pp. 856. California: Annual Reviews, 

Inc., Stanford Univ. P. 0., 1945. Price, S5.00. 

The new 14th volume of the “Annual Re%dew of Biochemistrj’-” maintains 
the high standard of its predecessors in this re\’iew series, which has become 
invaluable to all interested in biochemical advances. This is the last of the 
so-called “war” volumes, and, in spite of obstacles which certain reidewers 
experienced in securing literature from distant sources, it is the largest volume 
thus far published. 

There are 28 individual reviews by experts in the chosen fields. Such topics, 
commonly reviewed as Biological Oxidations and Reductions, The Chemistry 
of Carbohj’^drates, Lipids, Amino Acids and Proteins, and the Metabolism of 
these constituents (re\dewed separately), are once again covered. 

Re^^ews upon more unusual topics are by J. M. Gulland and colleagues 
(nucleic acids and nucleoproteins), I. Fankuchen (an excellent review on 
x-ray studies of compounds of biochemical interest), C. R. Noller (the tri- 
terpenes), W. L. Ruigh (steroids), W. T. Salter (hormones), J. P. Greenstein 
(biochemistrj’- of malignant tissues), and J. H. Mueller and A. E. Oxford 
respectively on the timely subjects of The Chemistrj' and IMetabolism of 
Bacteria, and The Chemistrj’ of Antibiotic Substances other than Penicillin. 

D. D. 


Colloid Chemistry. Theoretical and Applied. Edited by Jerome Alexan- 
der. Pp. 1256; numerous figs, and tables. New York: Reinhold Pub. 
Co., 1944. Price, S20.00. 

This volume, which is the 5th in the scries, is arranged in 2 sections, the 
1st dealing with the theorv’ and methods of colloid chemistrv-, the 2nd with its 
applications to biologv' and medicine. There are included some 60 essays 
va^-ing in length from 5 to 90 pages, each dealing with the present status of, 
and recent developments in each special field. 

In the 1st section are contained 25 authoritative articles by such experts 
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as Harkins (on surface films), McBain (on soaps and detergents), Germer (on 
applications of electron diffraction), Hug^ns (on a;-ray analysis), Hickman 
(high-vacuum distillation), Mark (polymerization), Macinnes and Longwortli 
(electrophoresis of proteins and related substances), and Pickels (high speed 
centrifugation). Other topics deal with microradiography of colloidal mater- 
ials, the electron microscope, elasticity oGrubber and similar materials, the 
vitreous state, sonic and ultrasonic waves in. colloid chemistry, the cyclotron 
and betatron, selective adsorption, and numerous other topics. 

In the biologic field excellent articles are presented by Astbury (proteins), 
Rothemund (photosynthesis), Farr (plant cell membranes), Hixon and Rundle 
(advances in starch chemistry), Axelrod and Elvehjem (enzymes and bio- 
logical action of vitamins), Lauffer and Stanley (colloid chemistry of purified 
viruses), Barth (colloid chemistry of embryonic development), Chambers 
(physical properties of protoplasm), Meyerhof (physical changes in muscular 
activity), Landis (the capillary circulation), Menkin (inflammation), Boyd 
(immunology), Cannon (homeostasis), Loeb (cancer), and Carlson (gerontol- 
ogy). This list is incomplete but represents a fair cross-section of the material 
covered in this huge volume. Undoubtedly other articles will appeal to 
different readers. 

It is perhaps unfortunate that this single volume encompasses such a Avide 
range of topics. Nearly every scientist will find some of these articles stimu- 
lating, but it seems hardly likely that many will be sufficiently interested in 
all or most of these topics to purchase such an expensive volume. The editor 
has, however, contributed a distinct service. Here in excellently presented 
form is an authoritative discussion and correlation of the fundamental phe- 
nomena of colloid chemistry and biology. S. G. 


The Abortion Probleji. Proceedings of the Conference held under the 
auspices of the National Committee on Maternal Health, June 1942. Hois’j 
ARD C. Taylor, Jr., M.D., Conference Chairman. Pp. 182. Published 
for the National Committee on Maternal Health, Baltimore: Wilhams 
& Wilkins, 1944. Price S2.50. 

This volume deals with the magnitude of the abortion problem, spontaneous 
abortion and its prevention, the social, moral and economic causes and control 
of abortion, and a summary and the recommendations of the conference. 
There are between 3000 and 4000 deaths a year in this country due to abortion, 
and the death rate from this cause appears to be changing very little if at all. 
About 30% of maternal deaths are due to this cause. 

The papers and the discussions forming the substance of this volume are 
excellent and make interesting and instructive reading. The recommenda- 
tions are conservative and sound. The volume is recommended to all who 
are interested in the problem of abortion. D. M. 


Diseases of the Breast. By Charles F. Geschickter, M.A., M.D., 
Lt. Comdr., MC, USNR, Director of The Francis P. Garvan Cancer 
Research Laboratory; Pathologist, St. Agnes Hospital, Baltimore. With a 
2 Special Section on Treatment in collaboration with Murray M. Copeland, 
A.B., M.D., F.A.C.S., Instructor in Surgery, Johns Hopkins Medical School. 
Second Ed. Pp. 826; 593 iUs. Phila.: Lippincott, 1945. Price, $12.00. 
This 2nd edition represents a considerable expansion of the original volume. 
The section dealing with mammarj' carcinoma has been brought up to date 
and enlarged. The chapter on the Mechanism of Tumor Formation has been 
entirely revTitten, New material includes the use of penicillin for infectious 
mastitis, endocrine therapy in chronic cystic mastitis, the criteria of opera- 
bilitj’ and inoperability of mammary carcinoma. 

In the chapter on The Mechanism of Tumor Formation, the author dwells 
entirely upon the role of estrogenic hormones, stating that “. . . the' 
sequence of estrogenic response on the part of the mammary gland may be 
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considered as highly significant. The changes leading up to cancer may be 
looked upon as essential steps in the cancer process and as forming a definite 
pattern for the development of malignancy in any tissue, regardless of the 
means employed to induce it. In the belief that the latter interpretation is 
correct, the sequence of estrogenic effects will now be summarized _ 
etc.” Whereas this concept is acceptable as a workmg hypothesis, more 
especially in regard to breast tumors, its wholehearted acceptance must await 
confirmation. At present many investigators of neoplastic processes would 

regard such a stand as untenable. „ . x j j j t*. 

The volume is conveniently arranged, well illustrated, and readable, it 
contains a wealth of material for the clinician, surgeon and pathotogi^; a 
valuable addition to anyone’s medical library. D. C. 


Theory of Occupational Therapy. By Norah A. Haworth, M.A. 
(Cantab.), M.R.C.S., L.R.C.P., D.P.M., Assistant Medical Officer, London 
Passenger Transport Board; late Medical Officer, Horton Emergency Hos- 
pital; and Senior Assistant Medical Officer, Severalls Mental Hospital, 
Colchester; and E. Mary MacDonald, Prin., Dorset House School of 
Occupational Therapy, Barnsley Hall Emergency Hospital, Bromsgrove; 
Member of the Association of Occupational Therapists. Second Ed. Pp. 
148; 68 figs. Baltimore: Williams & Wilkins, 1944. Price, S2.50. 

This book gives a fairly good general picture of all phases of occupational 
therapy. It would be, in the opinion of the Reviewer, instructive for those 
who are little acquainted with the work; but to those in the field it presents 
nothing more than a neat compilation of facts already known. Another 
criticism is that it does not treat adequately the needs of the present-day 
program in a military hospital, at least, in this country. New crafts and 
new theories are being worked out in these hospitals every day; yet, little 
mention is made of them 

In the chapters describing the adaptation of equipment for specific treat- 
ment, many excellent ideas are given; but it seems to the Reviewer that such 
a complete change of the machinery would make occupational therapy so 
bizarre that it might well produce a poor psychologic effect on the patient. 

C. W. 

Segmental Neuralgia in Painful Syndromes. By Bernard Judovich, 
B.S., M.D., Instructor in Neurology, Graduate School of Medicine, Univer- 
sity of Pennsylvania; Clinical Instructor in Neurology, Women’s Medical 
College; Chief of Neuralgia Clinics, Philadelphia General Hospital, Graduate 
Hospital, and Women's Medical College Hospital; and William Bates, 
B.S., M.D., F.A.C.S., F.I.C.S., Professor of Surgery, Graduate School of 
Medicine, University of Pennsylvania; Consulting Surgeon, Babies’ Hospi- 
tal and Philadelphia Home for Incurables; Consulting General Surgeon, 
Wills Hospital, Phila. Pp. 313; 178 ills. Phila.; Davis, 1944. Price, S5.00. 
Tras monograph develops a single theme, simply, effectively and forcefully. 
The interpretetion of pain is a task of every physician whether specialist or 
general practitioner, and the authors present observations which should help 
physicians in this task. As stated in the Preface, “the interpretation of pain 
can be greatly facilitated by eliciting hyperalgesic or tender skin zones. The 
combmation of segmental pain and tenderness appears to be due to factors 
which irritate roots, ganglia, or trunks of the spinal sensory nerves, and not 
due to painful impulses originating in diseased viscera.” 

Whether or not this thesis is correct, it demands the attention of neurologists 
neurosurgeons, and anesthesiologists, aU of whom are directly concerned with 
the relief of pain. It can also be read profitably by the average physician 
since diagnostic as well as practical therapeutic suggestions are offered in detail 
Tor a VO W published in wartime the paper, type and iUustrations are 
satislactoiy. They do not compare, however, with pre-war standards 

R. D. 
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The Chejucae Foejiuiary. A Collection of Valuable, Timely, Practical 
Commercial Formulae and Recipes for Making Thousands of Products in 
Many Fields of Industry, Vol. VII. Editor-in-Chief, H. Bennett. Pp. 
474. Brooklyn: Chemical Publishing Co., 1945. Price, 86.00. 

This volume, the 7th in the series, contains more than 2000 formulas for 
mixing and making products ranging from adhesives to rust preventatives 
and from cold creams to roach killers. Farmers, both amateur and profes- 
sional, will fed here directions for preparing insecticides, fertiUzers and live- 
stock medicines at low cost. There is useful information for the photographer, 
painter, chemist, as well as the housewife. Material covered here includes 
adhesives, flavors and beverages, cosmetic and drug products, emulsions and 
colloids, farm and garden specialties, food products, inks, leather, lubricants 
and oils, construction materials, metals and alloys, paint, varnish and lacquers, 
paper, photography, polishes, explosives, plasters, resins, rubber, wax, soaps 
and cleaners, textiles as well as a number of miscellaneous articles. 

The directions for using the formulas are simple and direct, as this volume, 
in contrast to previous volumes, has been written for layinen. This work will 
be a storehouse of information to persons in all walks of life. S. G. 


An Index of Differential Diagnosis of Main Symptoms. By Various 
Writers. Edited by Herbert French, C.V.O., C.B.E., M.A., M.D. (Oxon.), 
F.R.C.P., Consulting Physician Guy's Hospital; late Physician, H.M. 
Household. Assisted by Arthur H. Douthwaite, M.D., F.R.C.P., Phy- 
sician, Guy’s Hospital; Honorary Physician, All Saints’ Hospital for Genito- 
urinary Diseases. Pp. 1128; 798 ills, of which 231 are colored. Sixth Ed. 
Baltimore: Williams & Wilkins Co., 1945. 

This book offers a ready reference on the application of differential diag- 
nosis to all the main signs and symptoms of disease. All -symptoms and signs 
that are encountered on the examination of a patient are adequately listed, 
and a short note about various disease complexes in which they may occur 
are discussed briefly and concisely. This edition has only a few changes from 
the fifth. The number of colored plates has been increased and several sections 
reivritten. More note is also given to that group of disease that has gained 
added importance because of the war. I- F. 


Psychiatry in Modern Warfare. By Edward A.'Strecker, A.M., M.D., 
Litt.D., LL.D., Professor of Psychiatry, School of Medicine, University 
of Pennsylvania; Consultant to the Surgeon-Generals of the Army and the 
Army Air Forces, the Navy and the U. S. P. H. S.; and ICeNNEra E. 

Ph.D., M.D., Sc.D., Assistant Professor of Psychiatry and Chief of Clime, 

School of Medicine, University of P -v. Psyemat^, 

School of Neuropsychiatry, U. S: Nav:. etc. Pp. 88. 

New York: Macmillan, 1945. Price, 81.50. 

At a recent meeting, a summary of a comparative study of the two World 
Wars was so generously received that copies were requested, and the authors 
now offer this brief treatise. Part I contains Psychiatry and the Two World 
Wars: Contrasts in the Nature of Wa- '■ ^ Neuropsychiatry; 

Psychological Effects on Civilians; '■ ' ; ri' . . 

Psychopathology; Treatment; Prognosis; The Increase in .. ( ■ ' 

tiqns. Part II covers Demobilization and the Return to ( ' 

Cirilian Shares Responsibility for Readjustment; Every Soldier - Has a Re- 
adjustment Problem; The Philosophy ;■ ' of Helping Return- 

ing Serrice Men; Improved Veteran Z . ■ ! ■ A' ; . . ■ ■ 

World War II was global in extent, with new engines of war and methods 
of destruction. Robot bombs and communication through electromagnetic 
waves are sent from and received by portable apparatus. Danger at the rear 
as well as at the front is now great, and civilian populations are a part of the 
conflict. Increase in the surprise element causes greater fear. The belief that 
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the lessons of the previous war would decrease the number of neuroses was 
not substantiated— psychiatrists, the military and people all being responsible. 
Hvpno-narco-analysis is employed. Evipan is used to penetrate amnesias, 
eidpan and pentothal for narcoanalysis. “Group therapy removes thejeeling 
of isolation, minimizes the feelings of queerness, difference, etc. . . . 
ventive psychiatry is successfully employed. It is emphasized that the vmt 
majority of military neuropsychiatric diagnoses do (sic) not signify an incapaaty 
to become an effective worker.” Psychiatric conditions are now so common that 
“one-third of the physicians in the country should be psychiatrists or able to 
treat psychiatric conditions intelligently/^ N. x . 


Textbook op Anesthetics. By R. J. Minnitt, Trinity College, Cambridge, 
M.D. (Liverpool), D.A. (R.C.P. & S. Eng.) Lecturer in Anresthesia, Uni- 
versity of Liverpool, and John Gillies, M.C., M.B., Ch.B. (Edinburgh), 
D.A. (R.C.P. & S. Eng.) Consultant in Anaesthetics, Department of Health 
for Scotland. With a chapter on Local and Regional Analgesia by L. B. 
Wevill, M.B., F.R.C.S. (Ed.), Major R.A.M.C. Sixth Ed. Pp. 487; 199 
figs. Baltimore: Williams & Wilkins Co., 1944. Price, $7.00. 

This is a completely revised and considerably enlarged yereion of the 
“Handbook of Anesthetics” originally written by Ross and Fairlie. Tbe new 
authors, who are eminently qualified for their task,- have undertaken it in 
much the same fashion as other British anesthesiologists. Thus, there is 
emphasis on technique, apparatus and minutise, with less attention to broad 
principles and fundamental background. Furthermore, the volume represents 
the English devotion to inhalation anesthesia as contrasted to other well 
accepted methods of pain relief. Spinal anesthesia, for example, receives but 
20 pages in the 487 page book. 

A textbook on anesthesia is difficult to write, for there is a small group of 
qualified physicians, specializing in the field, and a large group who “dabble.” 
The former are concerned with establishing their field on a sound scientific 
foundation and this type of work is of only passing interest. The latter need 
guidance and direction. For them this work is primarily intended. It is simple 
and didactic. 

New chapters on trichlorethylene, endotracheal anesthesia, intravenous 
anesthesia and anesthesia for dentistry have been included. A new chapter 
on choice of anesthetic is well done. 

The book should be read with full realization of its limitations, i. e., a 
national rather than international outlook, together with a somewhat over- 
simplified approach. H. D. 


PuLMONAHY TUBERCULOSIS _ IN THE Adult. Its Fundamental Aspects. By 
Max Pinner, M.D., Chief, Division of Pulmonary Diseases, Montefiore 
Hospital for Chronic Diseases, New York; Editor, American Review of 
Tuberculosis; Clinical Professor of Medicine, College of Physicians and 
Surgeons, Columbia University, New York. Pp. 579. Springfield, 111.: 
Charles C Thomas, 1945. Price, $7.60. 

This book is a highly valuable contribution to the fundamental under- 
standmg of adult pulmonary tuberculosis, its prevention and treatment. 
Unlike other books addressed to clinicians it presents the essential, pertinent, 
scientific data on the pathogenesis of the disease in an adequate and integrated 
manner— a subject which is often dismissed perfunctorily— so that the clinician 
IS left in a scientific desert as far as the practice of the specialty is concerned. 
1 he first part of the book is devoted to a consideration of the fundamental 
ppects of the tubercle bacillus, the histogenesis of the lesions as they occur 
in man, the role of tuberculin, the principles of immune reactions and the 
j control the progression and healing of pulmonary phthisis. 
While these data have been discussed in other books at greater length the 
latter stress animal experimentation and give but scant attention to the prac- 
tical problems of the human disease. It is true that Dr. Pinner, in presenting 
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this self-consistent interpretation of the disease as a whole, often expresses 
personal opinions; they are, however, properly labeled and not introduced 
with the assumed halo of an ex cathedra oracle. On the contrary, attached to 
each chapter are citations from the literature which give contrary views. This 
bibliography has the novel and useful advantage in that it appends to each 
citation a concise statement of the essential nature of the contribution and its 
evaluation. Then follows a more direct consideration of the primary complex 
and tuberculosis in children, the classification of pulmonary tuberculosis, 
where it is stressed that, in evaluation of prognosis, it is not the extent of the 
disease which is significant, but rather the inherent aptitudes of progression 
and regression which characterizes the lesion. Excellent Roentgen ray and 
autopsy photographs illustrate and clarifi' the text. Special chapters are 
devoted to tracheobronchitis, diagnostic principles, laboratory procedures and 
the physiology of respiration and pulmonary collapse. Guides to medical 
treatment are given in the light of the data on the pathogenesis of the disease 
prewously recorded. The last chapter considers its epidemiology in a pene- 
trating manner. 

This book is highly recommended to every clinician as an integration of 
present knowledge derived not only from American sources. It is restrained 
in its conclusions and sound in its judgment and appears to me the most 
acceptable and philosophically integrated book on the subject. M. L. 


The Art op Resuscitation. By Palube J. Flagg, M.D., Chairman, Comm, 
on AEphj’-xia, Am. Med. Assn.; President and Founder of the Soc. for the 
Prevention of Asphyxial Death, Inc.; Visiting Anesthetist, Manhattan Eye 
and Ear Hospital; Consulting Aniesthetist to St. Vincent’s (and other) 
Hospitals. Pp. 453; 176 figs. N. Y.: Reinhold, 1944. Price, S5.00. 

There can be no doubt of the contributions of the author in fixing attention 
on the hazards of asphyxia long before the medical profession as a whole was 
aware of these hazards. In recent years, instead of strengthening his position 
by research and fundamental observations, Flagg has continued to devote his 
energies to the printed word. This book is the logical outcome of such a 
career. It represents an extremely important viewpoint without scientific 
documentation. It is of great interest historically; of less value to the_ indi- 
vidual challenged by the fundamental problems of resuscitation. Its title is 
essentially correct representing “The Art ” — rather than “The Science of 
Resuscitation.” 

In fairness to the author it should be pointed out that his purpose is clearly 
stated in the preface, “The matter presented herein is elementary. It presents 
a framework upon which the experiences and the contacts of the author may 
readii}'^ be studied. Should this form and matter prove of interest, the entire 
subject, it is hoped, will attract the attention and enlist the activities of 
highly qualified research workers and technicians.’’^ 

The reviewer recommends this book to physiologists and anesthesiologiste, 
primaril}'’ because of its historical importance. It is not recommended to the 
general reader. R- 


Modern Methods op Amputation. By Edmundo Vasconcelos, Professor, 
University of Sso Paulo. With an Introductory Survey of The Development 
of Amputation by Major Gen. Norman T. Kirk, M.C., Surgeon General, 
U. S. Army. Pp. 253; 258 figs. New York: The Philosophical Library of 
New York, 1945. Price, SIO.OO. 

The book,. as Dr. Vasconcelos states, was imtten for the practitioner and 
not for the expert. However, the author’s 20 years of experience has enabled 
him to present -the material in such a clear and understandable manner that 
the expert as well as the practitioner can benefit by his presentarion of the 
subject. The technics for the various amputations are discussed in detail Rith 
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emohasis on the common mistakes that surgeons may make. Only procedures 
iudged by the author to be of clinical value are included m the volume. The 
illustrations of technics and levels of amputations are vividly lUustratm.^ 


Fundamentals of Anesthe^a. An Outlme. By Subcor^ittee on Anesth^ia 
of Division of Medical Sciences, National Research Council. Second ltd. 
Pp. 231; 81 figs.; 19 tables. Illinois; American Medical Assn. Press, 1944. 

Price, 82.50. _ aix-u i 

This is an Gxtremely useful manual on practical anesthesia. Although 
dogmatic and “stream-lined” in its form, the volume is better than any other 
on the subject. In this new edition the only additions are extra pages on local 
and spinal anesthesia, together with 9 new illustrations. R. D. 


Surgery of the Hand. By Sterling Bunnell, M.D., Honorary Member of 
American Academy of Orthopedic Surgeons, Member of American Associa- 
tion of Plastic Surgeons, and of American Society of Plastic and Recon- 
structive Surgery, Licentiate of American Board of General Surgery and 
Plastic Surgery. Pp. 734; 597 ills. Philadelphia; J. B. Lippincott, 1944. 
Price, 812.00. 

Dr. Bunnell’s excellent compilation is one which should be available to 
and should be studied by every surgeon who deals with any condition of the 
hand. Its comprehensiveness and detail make it superior to preidous treatises 
on the subject. The first of 4 sections covers developmental, comparative and 
normal anatomy; the second is a detailed discussion of the healing of tissues 
and the principles of surgical reconstruction of skin, bones, joints, nerves and 
tendons. Fractures, dislocations, infections and burns are treated in the third 
section. The last section deals with congenital deformities, tumors, vasomotor 
and trophic conditions. The book is a valuable addition to medical literature. 

H. Z. 


Nitrous Oxide-Oxygen Anesthesia. By F. W. Clement, Major, M.C. 

(A.U.S.). Formerly Director of Anesthesia at Flower Hospital, The State 

Hospital for the Insane, Lucas County Hospital, Toledo Dental Dispensary; 

Anesthetist to Toledo, Mercy and St. Vincent’s Hospitals, Toledo, Ohio. 

Second Ed. Pp. 288; 92 engravings. Philadelphia; Lea & Febiger, 1945. 

Price, 84.50. 

This second edition of a well-known little book stiU represents a single 
viewpoint— that of the McKesson school. As such, it continues to be of interest 
to pharmacologists and anesthesiologists. 

As the author states “in this reidsed edition, the changes are those of detail, 
rather_ than alterations, of the original concept of the text.” Among the new 
or rerdsed topics are the more detailed method of administration, the dangers 
of prolonged anoxia, the mechanism and treatment of shock, the role of carbon 
dioxide and that of the sino-aortic areas in anoxia. 

Although many experts are not in agreement with the McKesson-Clement 
theory of nitrous oxdde, this monograph forms a valuable addition to any 
anesthesia reference list. It is not recommended for the novice. R. D. 


Medical Clinics of North America. July, 1945. Mayo Clinic Number 

Pp- 1067; 160 figs. Phila.; Saunders, 

1945. Price, 816.00. 


Of the two symposia in this number, the first covers the treatment of medical 
emergencip_. This title is rather misleading as neurological, dermatological 
ana obstetrical emergencies are also covered. 

The other symposium is on subjects of useful and timely interest. Stilwell’s 
chmc on “Post War Aspects of Some Tropical Diseases” was interesting and 



698 


BOOK REVIEWS AND NOTICES 


instructive. This article “takes the scare" out of the newspaper articles which 
would have malaria, filariasis and other tropical diseases reaching epidemic 
proportions with the return of the infected service man. The clinic on Liver 
Function Tests by J. F. Weir helps untangle some problems of the interpreta- 
tion of these tests that face the general practitioner. As usual, this issue of 
“The Clinics ” is a worthwhile addition to medical literature. J. F. 


Diseases of the Nervous System. Described for Practitioners and Students. 
By F. M. R. Walshe, O.B.E., M.D., D.Sc., F.R.C.P. (London), Hon. D.Sc., 
Nat. Univ. Ireland, Ph 3 ''sician in charge of - y.; ;— Dept., University 
College Hospital, London; Physician to t " rital for Nervous 

Diseases, Queen Square. Fourth Ed. Pp. 360. Baltimore: Williams & 
Wilkins, 1945. Price, S4.50. 

This remains an excellent textbook of Neurology. Dr, Walshe’s style and 
terse description stimulates the reader to continue on and on. As admitted 
in the preface, condensation of the field is difficult and readers would vary in 
criticizing the omissions. For example, Pancoast tumor in the differential 
diagnosis of cervical rib and group psychotherapy in psychoneurosis were 
outstanding omissions to me. The exceptionally good chapters were those on 
the Parkinson s 3 mdrome and cerebral hemorrhage and thrombosis. The 
attitude toward the treatment of neurological diseases would be Avell worth 
teaching to every medical man. J, T. 


Student's Guide in Nursing Arts. By M. Esther McClain, R.N., B.S., 
M.S., Assistant Professor in Nursing Education, and Instructor in Nursing 
Arts of the Providence Division of the School of Nursing Education, The 
Catholic University of America, Washington, D. C. Pp. 407. St. Louis: 
Mosby, 1945. Price, S3.00. 

This loose-leaf guide presents the outline in Nursing Arts as taught in a 
school of nursing education. Each unit and its individual lessons are intro- 
duced M'itfa concise objectives. There are excellent references to textbooks on 
nursing arts for each lesson. Review questions on each unit are placed at the 
end of the unit as a study help. Space is provided throughout the outline for 
adding notes. Many of the questions are directed to the techniques used in 
this particular School of Nursing. Therefore, they do not have meaning else- 
where. The titles of the units are the same as those of the outline in the Course 
Introduction to Nursing Arts as given in the Curriculum Guide for Schools of 
Nursing. Because of this and the well systematized table of contents, the guide 
should prove a useful manual not only to students but to instructors as well. 

L. S. 


NEW BOOKS 

Trauma of the Central Nervous System. Proceedings of the Association for 
Research in Nervous and Mental Disease, December 17 and 18, 1943, 
New York. Pp, 679 ; 243 illus. and 44 tables. Baltimore : IVilliams & Wilkins, 
1945. Price, S8.00. 

Essentials of Clinical Allergy. By Samuel J. Taot, M.D., Professor of Medi- 
cine, Cook County Graduate School of Medicine, Fellow of the American 
AcaAemy of Allerg 3 ’, formerly Assistant Professor of Medicine, Rush Medical 
College, of the Universit 3 ' of Chicago. Pp. 198. Baltimore: Williams & 
Wilkins, 1945. Price, .$3.00. 

Fundamental Principles of Physical Chemistry. By Carl F. Pbutton, Ph.D., 
Professor of Chemistry and Chemical Engineering, Case School of Applied 
Science and Sajiuel H. Maron, Ph.D., Associate Professor of Ph 3 'sical 
Chemistr 3 ', Case School of Applied Science. Pp. 780. New lork: Mac- 
millan, 1944. Price, S4.50. 
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Human Biochemistry. By Israel S. Kleiner, Ph.D., Professor of Biocbem- 
istry and Physiology, New York Medical College, Flower and Fifth ^e. 
Hospitals; Formerly Associate, The Rockefeller Institute for Medical Re- 
search, New York. Pp. 573; 70 illus., 5 color plates. St. Louis: C. V. 
Mosby, 1945. Price, $6.00. . • t> 

Pulmonary Tuberculosis. A Handbook for Students and Pra^itioners. By 
R Y. Keers, M.D. (Edin.), F.R.F.P.S. (GlasA Senior Physician and 
Medical Supt., Tor-na-Dee Sanatorium; Late Assistant Medical bupt., 
The British Sanatorium, Montana, Switzerland and B. G. Rigdei^M.R.C.S. 
(Eng.) L.R.C.P. (Lond.), First Assistant Medical Officer, Tor-na-Dee 
Sanatorium. Pp. 273; 124 figs. Baltimore: WilliamsJ^& Wilkins, 1945. 


Price, S5.00. 

Hidden Hunger. By Icib G. Mact, Ph.D., and Harold H. Williams, Ph.D., 
Research Laboratory, Children’s Fund of Michigan. Pp. 286. Lancaster, 
Pa.: Jacques Cattell Press, 1945. Price, $3.00. 

Orm Htmdred Years of Gynsecology (1800-1900). A Comprehensive Review of 
the Specialty During Its Greatest Century with Summaries and Case Re- 
ports of All Disease Pertaining to Women. By James V. Ricci, A.B., ^ 
M.D., Clinical Professor of Gynaecology and' Obstetrics, New York Medical 
(College, Director of Gynaecology of the City Hospital, New York. Pp. 651. 
Philadelphia: Blakiston, 1945. 

Pediatric X-ray Diagnosis. A Textbook for .Students and Practitioners of 
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CONVALESCENCE FROM SURGICAL PROCEDURES* 

I. Studies of the circdlation Lying and Standing, op Tremor, 
AND OF A Program of Bed Exercises and Early Rising 

By Isaac Starr, M.D. 

AND 

Robert L. Mayock, M.D. 

PHILADELPHIA, PENNSYLVANIA. 

(From the Hartzell Research Department of Therapeutics: The Harrison Department of 

Surgical Research, School of Medicine, University of Pennsylvania; and The 

Surgical Clinic of the Hospital of the University of Pennsylvania) 

After any operative procedure the patient for a time is obviously 
abnormal. He does not feel as be did in health, and he is unable to 
perform certain tasks which in health would be easy for him. Never- 
theless, the routine hospital studies disclose nothing abnormal during 
this period of convalescence. 

The purpose of this investigation was to search for objective abnor- 
malities during convalescence from surgical procedures; by available 
special techniques, and by other methods which we might devise. If 
we could discover objective abnormalities they might be used as a 
test for the duration of convalescence and also as a means of judging 
the success or failure of attempts to shorten it, which were also part 
of our project. 

In planning the work we expected that few abnormalities would be 
found when convalescent subjects were studied at rest, but we also 
expected that, by having them perform a task, abnormalities might 
well be discovered. For such a test, preferring tasks that our patients 
were accustomed to, we chose the following: the first test consisted of 
observing the changes in the circulation which took place on arising, 
the second, of studying the effects of mild exercise produced by pushing 
up and lowering a weight. Our results with the first will be given here; 
our experience with the exercise test will be reported in a naner to 
follow this. 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientffic Research and Develop- 
ment and the University of Pennsylvania. 
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Tecluuque. All patients were from the surgical wards of this hospital, and 
they were operated upon by_ members of the two surgical services. The cases 
for herniorrhaphy all had spinal anesthesia; in the other cases the anesthetic 
varied and will be mentioned later. The standard operative techniques were 
employed. 

Our ^method of testing for abnormalities of the circulation by its response 
to arising has been described,^® and a large experience with this test^' formed 
the background for the present study. The standard procedure used was as 
follows. 

No tests were done within 2 hours after a meal. The subject lay at rest for 
at least 15 minutes on the horizontal baUistocardiograph. Blood pressure 
was then taken and also the "H” (horizontal) ballistocardiogram. The subject 
then arose, walked about 3 paces to the vertical baUistocardiograph, and stood 
upon its platform. Three estimates of blood pressures were made at intervals 
of about 2 minutes. The "V” (vertical) balBstocardiogram was taken about 
2 minutes after the upright position had been assumed, between estimates of 
blood pressure. 

Cardiac outputs were calculated from the balh'stocardiograms by the area 
method.® Normal standards for this test have been published,® 

All patients with hernia to be repaired were tested in both positions before 
operation, usually on the day preceding it. On the sixth day after operation 
they were tested again, the ones who had not yet left their beds being tested 
in the horizontal position only. All were tested in both positions on the tenth 
day, the day the majority were first permitted out of bed, and again on the 
two days following. After this they were discharged. There were occasional 
deviations from this schedule due to difficulty in performing the tests on 
Sunday, so sometimes a day elapsed between two of the last three tests, A 
few estimations were lost by accident. 

The patients subjected to more serious operations were tested on the same 
schedule as far as possible, but some of them were never able to stand, and 
many remained in tbe hospital for a much longer time and were studied at 
intervals during their stay. 

Approximately 200 position tests were made in tbe entire investigation, and 
the results have been subjected to statistical analysis, the calculations being 
made by the methods of Fisher.® Whenever the word “significant” appears 
in this paper, it is used in the statistical sense, indicating a probability of less 
than 5 in 100 that chance would account for the result, 

Eesults. As the patients with hernia were in good physiological 
health before operation, any changes which occurred after operation 
could be confidently attributed to postoperative convalescence. This 
was not the case in many other types of patients, for operation was 
often followed by improvement in iJieir general condition which over- 
weighed the changes due to convalescence. Therefore the data obtained 
after herniorrhaphy were studied first. 

Effect of Herniorrhaphy. To analyze our results the values found 
before operation were subtracted from tbe corresponding values found 
after it, the difference representing the change caused by the procedure. 
These changes were averaged, and their means and the standard 
deviations about tbe means are recorded in Table 1. A statistical test 
was then applied, using Fisher’s "t” function,® to ascertain whether 
the means were significantly different from zero (also see Table 1). 

An example will make our method clear. The resting pulse rate 
before operation in patient A was 75. Six days after operation it 
was 70. The change following the operation is —5. The average of 
similar changes in all our 25 patiente on the sixth day was -f 2 (see 



Table 1. — Effects of Convalescence from Herniorrhaphy on the Circulation 

6th 10 th nth 12 th 
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Table 1). This value is not significantly different from zero. The 
scatter of the results can be seen from the standard deviation (also 
see Table 1). 

The data in Table 1 under the subheading, “Differences Betn^een 
Lying and Standing Values/’ were derived as follows: in subject A 
before operation the pulse rate when he was horizontal was 72. After 
he arose, it was 86. The change on arising was therefore +14 before 
operation. On the tenth day after operation the corresponding values 
were 73 and 94, the change on arising being +21. The difference due 
to the operation in this patient is 21 — 14 = +7, and the average dif- 
ference for all patients has been entered in Table 1. The data on blood 
pressure recorded in the lower one-third of Table 1 were derived the 
same way, but the changes in cardiac output on arising were calcu- 
lated as ratios, and so the differences due to the operation are also 
expressed in per cent. The means and standard deviations in Table 1 
have been rounded out to the nearest whole number. 

Not all our data can be expressed in numbers and so entered in 
Table 1. Patients frequently had difficulty standing when they first 
arose from their beds. Some few could not stand at all, and many 
more stood but had so much tremor that the vertical ballistocardiogram 
was completely confused by it. This distortion of the record permitted 
a rough estimate of the amount of tremor, so a classification was made 
as follows: a perfect ballistocardiogram, no tremor; some distortion 
but not enough to prevent calculation of cardiac output at some place 
in the record, slight tremor; distortion so great that calculation of 
cardiac output is impossible, but systolic complexes can be identified 
suflSciently to count heart rate, moderate tremor; record completely 
confused by tremor, not even the heart rate can be counted, marked 
tremor. 

To avoid unconscious bias, the records were arranged in a random 
order and presented to the senior author without anything to identify 
them. The results of his classification of the amount of tremor shown 
are given in Table 2. Obviously tremor in the upright position increases 
greatly after operation, but the abnormality largely disappears soon 
after the patients are up and about. 

Effect of Exercise and Early Rising. Ten of the patients operated 
upon for hernia were treated differently from the others. Beginning 
with the second postoperative day these patients were placed on the 
following program wdiich was carried out under the direction of a 
nurse each morning and again each afternoon for the duration of their 
stay in the hospital: for 5 minutes, while lying on their backs, they 
alternately flexed and extended first the wrists, then the elbows, then 
the shoulders in each of 3 directions, then the ankles, and finallj^^ the 
knees and hips together. Each joint in turn was flexed about 10 times 
in 20 seconds so that the series was repeated about 3 times in the 
5 minutes allowed. The patients then stood beside their beds for 5 
minutes and often walked a few steps. Then, after returning to bed, 
they repeated the exercises for 5 minutes. 

The control group, following the usual hospital routine, took pp 
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exercise and stayed in bed until the tenth day after the operation. 
Patients of both groups were tested on the sixth, tenth, eleventh, and 

twelfth days after operation. ^ 

To measure the effect of the exercise and early rising the subjects 
were arranged into pairs. For each exercised patient a mate was chosen 
from the unexercised group of the same sex and as near the same age 
as possible. All were males, and the ages of the 10 pairs were as fol- 
lows; 45 and 46, 28 and 29, 33 and 31, 17 and 17, 21 and 18, 60 and 
68, 37 and 29, 60 and 70, 26 and 24, 42 and 28. 

The effect of the exercise on pulse rate, blood pressure, and cardiac 
output was estimated as follows; the change due to the operation was 
calculated for each patient by subtracting the value found before it. 
This value for the unexercised subj'ect was subtracted from the cor- 
responding value found for his exercised mate. The resulting difference, 
due to the exercise, was found for each pair, and an average for the 
10 pairs was calculated. Finally a statistical calculation w^as made to 
determine whether this average was significantly different from zero. 

An example will make the process clear. We have paired our patients, 
A and B ; C and D, etc. A and C have been exercised, B and D not. 
The resting pulse rates before and 10 days after operation were for A, 
80 and 84; for B, 75 and 78; for C, 65 and 64; for D, 73 and 76 per 
minute. The differences due to the operation were therefore -f 4, -)-3; 
and —1, -1-3. Now subtracting this value found in the unexercised 
B and D from that of their exercised mates, we have differences of 
-pi and —4 which may be attributed to the exercise. The average of 
these figures is —1.5. The average of our 10 pairs was —1,6, and by 
statistical methods we determine whether this value is significantly 
different from zero. A calculation similar to this was done on the 
measurements of pulse rate, blood pressure, and cardiac output made 
on each of the 4 days of the tests. 

We will not report these results in detail because they were so largely 
negative. Nothing significant could be attributed to the exercise 
except on the tenth day after operation. On this day 3 of the unexer- 
cised patients were unable to stand, and 5 more had marked tremor, 
whereas all of the exercised patients could stand and only 1 had a 
moderate tremor. Tested by the method of this difference is 
highly significant. In addition, the standing systolic blood pressure 
taken on the tenth day after operation averaged 13.4 mm. of Hg lower 
in the exercised group, and this w^as also significant. While the mean- 
ing of this blood pressure difference is not clear to us, w^e can conclude 
from the difference in tremor and ability to stand that the exercised 
patients were in better condition on this day. However, both sig- 
nificant differences disappeared by tlie day following, and we could 
find no other significant differences which could be attributed to the 
exercise in pulse rate, blood pressure, or cardiac output in either the 
horizoiital or standing positions on any other day. This similarity of 
result is the justification for including both the exercised and the 
unexercised patients in same statistical analysis recorded in Table 1. 
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Results in Patients Conmlesceni from More Sericnts Operations. We 
studied 19 patients subjected to the following operative procedures: 
3, exploratorj^ laparotomy with nothing else done; 3, cholecystectomy ; 
3, colostomy, 2 for carcinoma, 1 for lymphopathia venereum; 1, lower 
esophagectomy for carcinoma; 3, gastric resection, 2 for carcinoma, 
1 for ulcer; 1, gastrostomy for carcinoma of the esophagus; 3, craniot- 
omy for tumor, for hematoma, and for exploration; 1, laparotomy for 
intestinal obstruction; 1, repair of mycotic subclavian arteriovenous 
aneurj'^sm. 

The anesthesias used also varied in the different patients: spinal, 
local, cyclopropane, nitrous oxide and oxygen, often with the addition 
of ether were emplojmd. Postoperative complications such as fever 
occurred in some but not others. Treatment varied greatly, some 
patients receiving large amounts of fluids intravenouslj'- at operation 
and in the daj''s following it, while others received none. Obviously 
the patients had so little in common that a study of the averages of 
our results would be meaningless. However, in most cases the trend 
of the results resembled those found after herniorrhaphy except where 
1 of 2 factors entered into the situation. 

Deviation from the usual postoperative pattern could often be 
attributed to the administration of large amounts of fluid given intra- 
venously. This prevented the usual postoperative fall of cardiac 
output, and sometimes replaced it with a rise. Thus N. S., who had a 
gastric resection for carcinoma, received 13.5 liters of blood, and 
glucose, saline, or gelatin solutions intravenously Avithin the week 
after operation. His resting cardiac output, -{- 4% above average 


Legend fob Fig. 1. 

Fig. 1. — Ballistocardiograms obtained in the horizontal position before and after 
operation. The time record on the top applies to all the records; its largest interval 
equals one second. The reproduction is actual size. A — L. A., age 26, 5 feet 8 inches, 
vreight 146 pounds, a healthy person e.xcept for an inguinal hernia. Record obtained 
the day before operation. The calculated cardiac output did not deviate from average 
normal. The empirical normal limits are ±22%. B — Same subject on the sixth day 
after operation. The cardiac output is calculated to be —30%, a subnormal value. 
C — Same subject eleven days after operation. Cardiac output —4%. T) — R. S., age 35, 
5 feet, 75 pounds. Extremely emaciated from carcinoma of the pharj'tix. Vir&l record 
day before operation. Cardiac output — 17% it calculated as the basis of her ideal weight, 
118 pounds. Second record, nineteenth day after gastrostomy, cardiac output +22%. 
E— W. L., age 70, 5 feet 4 inches, 140 pounds. First record day before inguinal hernior- 
rhaphy cardiac output —12%. Second record six days after operation is abnormal in 
form, the I wave being widened and shallow, approaching the segment of a circle in shape 
in contrast to the normal deep triangle. In the last complex shown the J wave is flattened 
and notched. Cardiac output cannot be estimated from such records. In records oli- 
tained on the tenth, eleventh, and twelfth day the ballistic form had returned to normal. 
F— H. J., age 66, 5 feet 8 inches, HI pounds. First record day before exploratoiy lapa- 
rotomy, cardiac output — 19% referred to his ideal weight. Abdominal carcinomatosis 
found at operation, biopsy performed. Second record si.t days after operation. The 
form of most impacts is abnormal, the J waves being reduced in amplitude, notched 
or flattened. The form varies markedly from beat to beat. An occasional normal com- 
plex is seen. Third record 8 days after operation. The amplitude is larger, but the 
abnormalities in form remain the same. The patient died six days later. Necropsy 
found carcinomatosis, intestinal perforation and peritonitis. The heart weighed 300 
grams. The muscle was firm, the chambers slightly dilated. The coronaries were patent 
although they contained sclerotic plaques. The valves were normal. 
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normal before operation, was + 22% above on the first test 11 days 
after it. After the extra fluid was stopped the circulation diminished 
to its original level. G. H., whose arteriovenous aneuiysm was repaired, 



Fig. 1 

received 5.1 liters intravenously at operation and during the day 
following. Her cardiac output, + 9% before operation, was + 39% 
on the second day after it, and gradually returned to the original 
level. M. H., who had a colostomy for lymphopathia venereum 
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received a total of 9650 cc. during the first 3 postoperative days. Her 
resting cardiac output tested on the sixth day after operation was the 
same as it had been before operation. 

men the patient’s ability to take food and fluids was improved 
by the operation, the postoperative course differed from the usual. 
Thus R. S., aged 35, and 44 pounds under her ideal weight, as a result 
of carcinoma of the pharynx, had a pulse rate of 83 and a blood pressure 
of 95/70 before operation. At this time her resting cardiac output per 
minute was in the normal range, 17% below average normal, if referred 
to her ideal weight. After gastrostomy permitted better feeding, the 
pulse rate rose to 118, the cardiac output increased to +17% and the 
blood pressure to 108/84. These records are shown in Figure 1. In 
7 tests made at intervals during the next month the pulse rate and 
cardiac output remained at their high postoperative level, but the 
blood pressure diminished slowly until the preoperative value was 
regained. A similar result was obtained in S. B., aged 52, who had a 
colostomy for carcinoma. The resting cardiac output before operation 
was subnormal, —26%; after operation permitted more normal gastro- 
intestinal function, it rose to —4% and remained within normal limits 
in the 5 tests made thereafter. 

Three of our patients died. L. O., aged 51, died suddenly 18 days 
after the removal of a carcinoma of the lower end of the esophagus. 
After operation she was never able to stand or even to sit in bed 
without becoming dizzy and faint, these symptoms being accompanied 
by marked fall of blood pressure. Necropsy showed that death was 
due to a large pulmonarj'' embolus. 

H. J., aged 66, died 14 days after an operation for intestinal obstruc- 
tion due to carcinoma. His blood pressure was 142/78 before operation 
and rose slowly to 164/90 after it. The chief interest in tliis case was 
in the change in form of the horizontal ballistocardiogram (Fig. 1). 
Normal before operation, it became increasingly abnormal after it, so 
cardiac dysfunction should be thought of as a factor in the terminal 
picture. 

R. S. with carcinoma of the pharynx died suddenly’’ of a rupture of 
an involved carotid artery 82 days after operation. The interest in 
this case has been mentioned. 

Discussion. On the basis of the significant results one may draw a 
picture of the changes in the circulation which may be expected as a 
result of surgical operations and the bed rest which follows them. 

'i^Ten obsersmtions are made on patients in the horizonial imsiiim, 
cardiac output per minute is found to be significantly diminished for 
several days after operation, but it then slowly increases and by the 
day of discharge has returned to the preoperative level. The resting 
systolic blood pressure, unchanged for a short period after operation, 
becomes significantly diminished later, to rise somewhat before dis- 
charge. The resting diastolic blood pressure behaves quite similarly, 
but in our data the average remained significantly diminished to the 
end of our tests. The resting pulse rate is unchanged after operation. 
All these blood pressure and pulse rate changes are small, and none 
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of them would have attracted the attention of attending physicians 
employing the usual methods of examination. _ 

When observed with the patient in the vertical 'position, the changes 
found after operation are more striking. Some patients cannot stand 
without fainting; others stand only wdth marked tremor which doubt- 
less aids in supporting their circulation. The standing pulse rate 
averages 10 beats per minute faster when patients are first allowed to 
stand than before operation. This abnormality rapidly diminishes as 
the patient begins to be up and about the ward. Standing systolic 
blood pressure is lower after operation, but diastolic blood pressure 
remains unchanged. Standing cardiac output per minute is calculated 
to be higher after operation but was only significantly so in the last 
day of our tests. 

Other abnormalities of convalescence can be demonstrated by study- 
ing the changes which occur when the subject arises. In normal persons 
the pulse rate always accelerates on arising, the average increase being 
17 to 18 per minute.^'“ In our patients, on the tenth day after opera- 
tion, the day most of them left their beds for the first time, the pulse 
rate on arising increased on the average of 7.6 per minute more than 
it had before operation. On this same day the calculated cardiac out- 
put also increased more on arising than it had before operation, and 
this difference was significant. All these abnormalities disappeared 
within 3 days after the subject was up and about. 

This picture of circulatory abnormalities in convalescence, drawn 
from our results on the patients operated upon for hernia, can be 
extended to those subjected to more serious operations with certain 
modifications. The more seriously ill patients often exhibited abnor- 
malities of the circulation in the upright position before operation, 
and these were greatly increased after it, so that some patients were 
unable to stand without marked tremor and a greatly accelerated pulse 
rate for many weeks. In general, the abnormalities found after severe 
operations were identical with those recorded in Table 1 if they were 
not modified by 1 of 2 factors. First, the administration of large 
amounts of fluid after operation increased the cardiac output or pre- 
vented its diminution, an effect probably comparable to those found 
by Hardy and Godfrey ,** and Fletcher, Hardy, Riegel and ICoop^ after 
the intravenous administration of saline solution and gelatin to dehy- 
drated patients. Second, if the operation permitted better nourish- 
ment of the patient, the postoperative findings showed a picture strik- 
ingly different from that found before operation. 

Abnormalities of ballistic form appearing for the first time after 
operation have been encountered twice in this study. One of these 
patients died; in the others the ballistic form returned to normal 
before discharge. Other instances of transient abnormality of ballistic 
form after operation har-e been published.^- Thus we have evidence 
that operation can effect the heart adversely. However, such an effect 
IS rare. In our ex-perience it has occurred only in persons over 65 or 
in those with heart disease manifest before operation 

Certain of our results are consistent with those of other investigators 
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studying related problems; and as the whole field of convalescence has 
been recently reviewed, the number of references needed here is 
small, ^nyder® found a marked reduction of resting cardiac output 
in 4 of / patients tested on the first day after operation with recovery 
bj' the time of discharge. Our results are similar although our patients 
were first tested on the sixth day. Since certain of our cases receiving 
large amounts of fluid intravenously did not show this abnormality, 
one wonders whether reduction of blood and tissue fluid volume from 
hemorrhage, capillary leakage, sweating and the like, accompanied by 
low fluid intake were not the cause. 

Most persons who have had an operation can testify to the difficulties 
and symptoms which beset them when they first arose from bed. We 
have found no previous study of the blood pressure and pulse rate on 
assuming the vertical position during postoperative convalescence, 
but similar abnormalities were found during convalescence from fever 
by Kopp.® The abnormalities of our convalescents when they first 
arose from bed do not differ from those found in many persons sick 
from a large variety of causes, and especially in certain cases of neuro- 
circulatory asthenia.*^ Inability of the peripheral circulation to adjust 
quickly to the additional demands put upon it by the upright position, 
with resulting cerebral anemia, is the explanation usually given and 
with this w'e concur, although the fact that the cardiac impacts were 
often large inclines us against the view that diminished cardiac output 
from a diminished venous return plays a part in the symptoms of such 
as these. That this mechanism may cause syncope under certain other 
conditions is not disputed. 

''RTiatever maj’’ be the exact physiological abnormality which pre- 
vents proper adaptation to the standing position after operation, it is 
improved by practice. It took only a day or two of being up and 
about for the response to arising to return to normal in most cases. 
On the tenth day after operation those exercised and permitted out of 
bed from the second day onward were clearly more normal in this 
respect than those who had remained in bed until the tenth day. 

Many of the abnormalities found in our patients after operation are 
similar to those demonstrated in healthy persons who have volunteered 
to remain in bed.^'® However, in the latter case the abnormalities 
usually developed after a much more prolonged bed rest than our 
patients had; and while we do not doubt that bed rest was a factor in 
our results, we believe that the operation itself played the larger part. 

During the investigation we often asked ourselves whether the 
changes found after operation could be due, not to effects of the opera- 
tion itself, but to apprehension of it, the emotional effect altering the 
circulation before operation and causing a change by passing off when 
the operation was over. The possession of normal standards for our 
test” aided in the identification of persons with severe emotional dis- 
turbances before operation. Inspection of Tables 1 and 2 show that 
the resting cardiac output, standing pulse rate and tremor, after 
changing from the preoperation level, returned to it again before dis- 
charge, so there seems no possibility that emotion eould account for 
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these results. However, when the original level was not regained 
during the period of observation, as was the case with systolic pressure, 
the possibility that such an emotional effect entered into the result 

cannot be excluded. 


2.— Tbbmou When 

Standing Udbight Befqkb 

IN 25 Cases 

Before *■ 


operation 

iota day 

Unable to stand . 

. . . 0 

2 

Marked tremor . 

. . . 0 

4 

Moderate tremor 

. . . 2 

d 

Slight tremor 

... 15 

IS 

No tremor 

. . . 7 

3 

Not tested 

. . . 1 

0 


After operation 


11th day 
0 
0 
6 
12 
7 
0 


12th day 
0 
0 
1 

16 

6 

2 


The numbers given represent the number of patients in each category. 


Our data permit an objective evaluation of the program of exercises 
in bed and early rising from bed that we tried. We obtained no evidence 
whatever that the exercised group was in anj^way harmed by the 
more novel routine. Also, on the tenth day when the group in the 
regular routine was first allowed out of bed, the performance of the 
exercised patients was definitely superior. But it took only 1 day of 
being up and about for the group on the regular routine to equal the 
performance of those on the program of exercises and early rising, so 
we doubt whether anything very important was gained. The demon- 
stration had the result of altering the routine handling of patients 
with hernia in the Hospital of the University of Pennsylvania, and 
many of them are now permitted out of bed on the third day after 
operation and sent home much sooner than had previouslj'' been the 
case. 

The data obtained in this investigation permits conclusions about 
the objective detection of the convalescent state and, therefore, about 
methods for passing judgment on procedures designed to shorten con- 
valescence. In this study we have had the great advantage of possessing 
data on our patients before they became convalescent. If one first 
saw the patient during convalescence, judgment of his state would be 
far more difficult. 

For example, one of the most significant abnormalities we discovered 
is the change in pulse rate which occurs on arising. In healthy persons 
the average pulse rate increases 16.6 per minute when they arise on 
the tenth day of convalescence the increase is almost 50% greater 
than this. For healthy persons the usually accepted normal range, 
twice the standard deviation applied to both sides of the mean, extends 
from 0 to 33 per minute; that is, any person whose pulse rate on 
arising increases by any amount between 0 to 33 per minute would 
have to be regarded as normal. 

A physician seeing the patient for the first time after operation 
vpuld have data such as this on which to base his judgment, and, 
after ascertaining the lying and standing pulse rates in convalescents 
he could use it. However, judging from our data obtained after hernior- 
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rhapliy he would detect an abnormality in only 22% of his cases. 
After more serious operations this percentage would be higher, but] 
obviously, the test is too crude to permit final judgment on the fitness 
of any person. It might be of some service as a first screening test, 
those failing being judged unfit, while those passing were considered 
well enough to take a more strenuous exercise test. A study of all our 
data on pulse rate, blood pressure, and cardiac output does not disclose 
any more promising basis for designing a satisfactory test for the pres- 
ence, and so the duration, of convalescence in an individual first seen 
after operation. 

^^dien one is comparing two series of cases, however, a statistical 
analysis of tremor, blood pressure, pulse rate, and ballistocardiographic 
changes yields results on which conclusions can be based with con- 
fidence. The number of cases needed will depend, of course, on the 
size of the abnormality they develop, but some hints for future studies 
of convalescence can be obtained from our data. It is to be noted 
(Table 1) that only 7 of our subjects were tested while standing on 
the sixth postoperative day. The abnormalities found in these subjects 
were larger than on any other day, but their number was so small that 
statistical significance was not attained. With 20 or more subjects 
much smaller abnormalities were found significant. Series of this size 
should be sufficient and would permit detection of the objective mani- 
festations of convalescence and so aid in the evaluation of methods 
designed to shorten it. 

Summary. Forty-four patients have been studied before and repeat- 
edly after surgical operations. The test used consisted of estimates of 
pulse rate, blood pressure, and cardiac output (ballistocardiogram) 
under standard conditions in both the liorizontal and vertical positions. 
The results have been subjected to statistical analysis. 

The average of results obtained in 25 cases operated upon for hernia 
disclosed that the following significant changes occurred during post- 
operative convalescence: 

In the horizontal position cardiac output was diminished soon after 
operation, and blood pressure was diminished later. In the vertical 
position pulse rate was increased, cardiac output tended to be increased 
and systolic blood pressure to be diminished. 

The difference between the lying and standing pulse rates, and the 
ratio between lying and standing cardiac outputs increased after 
operation. There was more tremor on standing, and occasionally 
subjects were unable to remain standing after operation. 

After more serious operations the changes found in convalescence 
were generally similar to those described after herniorrhaphy with 
two exceptions. (1) The administration of large amounts of fluid by 
vein prevented the postoperative fall of cardiac output or caused it 
to increase. (2) If the operation permitted better nutrition of the 
patient, improvement from this cause far overbalanced the effects of 
the operation per se. 

The scatter of the data was great enough to prevent the develop 
ment of a simple test for the duration of convalescence which could 
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be applied to single individuals. Nevertheless significant comparisons 
could easily be made between small series of cases. ^ j j 

Ten cases of hernia^were given a program of exercises m bed and 
early rising beginning >iwith the second or third day after operatiom 
Comparison with a group not so treated showed that the exercised 
group tolerated the upright position better than the controls when the 
latter were first allowed out of bed. This advantage lasted only for a 
day, however, so we doubt whether anything important was gained 
by the exercise program. 
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H. Studies of Various Physiological Responses to a 

Mild Exercise Test 
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PHILADELPHIA, PENNSYLVANIA. 

(From the Hartzell Research Department of Therapeutics; The Harrison Department 
of Surgical Research, Schools of Medicine, University of Pennsylvam'a; and The 
Surgical Clinic of the Hospital of the University of Pennsylvania) 

TW airu of this investigation was to explore the possibilities of 
finding objective methods of demonstrating abnormalities present in 
convalescence after surgical procedures which would. serve as an indica- 
tion of the duration of the convalescent state and as a test of measures 
designed to shorten it. 

It was our belief that no abnormalities characteristic of convalescence 
would be demonstrable while the patients lay at rest, but we hoped 
that when they performed a task, abnormalities might manifest them- 
selves. The first task assigned was the maintenance of the upright 

^ contract, recommended by the 
Committee on Medical Research, between the OflSco of ScientiBo Research and Develrm- 
ment and the University of Pennsylvania ^^-lenunc iiesearcn and Develop- 
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position, and our experience with that test has been described in the 
previous communication.” In this paper we wili describe our experi- 
ence with a mild exercise test which could be applied to persons in bed. 

The number of exercise tests in the literature is large,® but none of 
them seemed to meet our requirements. First, we needed a test 
which could be performed without danger of^rupturing an unhealed 
abdominal incision. Second, to make the test generally useful we 
needed to limit ourselves to apparatus in common use in hospitals and 
to techniques which did not require unusual skill and training of the 
operating personnel. For the first reason, tests, such as stair climbing 
or riding the bicycle ergometer, were regarded as unsuitable for patients 
immediately after operation; and, for the second reason, we sought to 
avoid the apparatus and technique usually required for gas analysis. 
So we finally designed an easy weight lifting test which could be per- 
formed by the subject while lying in bed on his back and breathing 
from a spirometer designed to measure basal metabolic rate. By this 
means oxygen consumption could be determined without gas analysis 
and both rate and Amiume of respiration estimated from the spir- 
ometer record as well. We also counted pulse rate and in a few experi- 
ments took ballistocardiograms. 

Estimations made during the exercise failed to demonstrate any 
signihcant abnormalities which could be attributed to the convalescent 
state, but observations made after the exercise was over demonstrated 
that the return to normal was significantly slower during convalescence. 

Methods. Subjects. Five healthy persons were studied, the authors and 
two persons associated with other phases of the project. 

The patients studied all came from the Surgical Clinic of this hospital. The 
operations were performed by members of the services of Dr. E. L. Eliason or 
Dr. I. S. Ravdin. A satisfactory study was completed on 20 patients of whom 
12 were operated upon under spinal anesthesia for hernia. In the others, the 
operations performed were gastric resection in 3 cases; cholecystectomy in 2; 
appendectomy, choledochostomy, and intestinal resection for carcinoma in 
1 each. All made satisfactory recoveries from the operative procedures. 

Schedule. Every patient was tested before operation, and most of them 
several times afterward. The relation between the day of operation and the 
day of test varied somewhat more than in the pre-sdous study. Most patients 
were tested on the third or fourth day after operation, again on the ninth or 
tenth day, and finally about the seventeenth day if they still remained in the 
hospital. In all, 91 exercise tests were performed. 

Exercise Tests. No test was made within 2 hours after a meal. The patient 
lay on back either in bed or on the horizontal baUistocardiograph. A half 
face mask with a pneumatic cushion was held over nose and mouth by straps 
around the head, and its outlet was attached to a Benedict-Roth basal metab- 
olism spirometer with a capacity of 5 liters, having valves and not a motor 
blower. The spirometer was filled with oxygen. 

After a rest period of about 15 minutes the o:^gen consmnption was recorded 
for 4 to 6 minutes. Then, if the record was satisfactory, the subject was given 
a 10 pound iron bar, and a metronome was started ticking every second. 
With each tick the subject alternately raised and lowered the weight irom 
his chest to arm’s length above it. He thus raised it 30 times in a minute 
while continuing to breathe from the spirometer. After exercising thus for 
1 minute, the exercise was stopped. The record of oxygen consumption was 
confinued for the next 5 minutes or until the slope of the record became Imear. 
Such a record is shown in Figure 1. 
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Oxygen utilization during the exercise was calculated as follows. After 
inspection of the record obtained before the exercise was started, a line was 
drawn as in the routine estimation of basal metabolic rate. This hne is labeled 
1 in Figure 1. During exercise the record sometimes moved erratically, and 
its form varied greatly from subject to subject. So in some cases this part 
of the record could not be used as basis for a line. However, within a few 
minutes after exercise had ceased, the record became linear once more so 
that a second line could be drawn. This line is labeled 2 in Figure 1. This 
second line was, as a rule, nearly parallel with the first line, but it was not 
a continuation of the first line. If extrapolated to the right, the second line 
lay above the first because of the extra o^gen consumed during and immedi- 
ately after the exercise. To estimate this extra oxygen the adjacent ends of 
lines 1 and 2 were joined by a third line (line 3, Fig. 1) drawn regardless of 
the record. This third line extended over the record obtained during the 
minute of exercise and over the period after it during which the oxygen debt 
was being paid. It is labeled 3 in Figure 1 . L 
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obtained on Patient G. F. (age 30, height 5 feet 5 inches, weight 
^ Benedict-Roth metabolism spirometer before and after exercise on 
the 14th day after operation. Read from right to left. The bar shows the duration of 
the exercise (1 minute). The numbers beneath the record refer to the lines rlmnm + 
estimate oxygen con^mption. The numbers above th^raS ara the SSto £ 


records there was some doubt where the junction of lines 2 and 3 



thp?pr„ifc ^ oiy gas under standard 

as in the foUowing example: 

^om the data given m Figure 1 we calculate: ^ 

1. Uxj^gen consumption before exercise (from line D = 903 nn + 

2, Oxj^gen consumption when aftei- j , ° mmute. 

(from line 2) = 213 cc. per minute ^ a^a^cise, the record has become linear 
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3. Average oxygen consumption over the two and one-half minute period 
of exercise and recovery (from line 3) = 480 cc. per minute. 

We may interpret this data as follows: 

1. Oxygen consumption at rest: 208 cc. per minute. 

2. Oxygen consumption during exercise; 480 cc. per minute. 

3. Extra oxygen consumption needed for exercise; 480 — 208 = 272 cc 
per minute. 

4. Duration of exercise and recoveiy period 2.5 minutes. 

5. Total extra oxygen used for exercise 272 X 2.5 = 680 cc. 

We naturally had most confidence in the result when lines 1 and 2 were 
parallel or nearly so. In some cases, however, these lines diverged, and then 
it was hard to be certain how best to handle the data. There were two pos- 
sible methods. The resting oxygen consumption could be calculated from 
the average of the values found before and after exercise, obtained from lines 
1 and 2. This was usually satisfactory enough, but occasionally we obtained 
the surprising result that no measurable oxygen was used in the exercise, a 
phenomenon which does happen in certain diving animals and in the sloth.'’’’ 
However, when the resting oxygen consumption was calculated from line 1 
only, this result was obtained only twice; so we came to prefer this method, 
and it is used in the example given above. 

Occasionally we were left in doubt whether the oxygen debt had been fully 
paid by the end of the test. In some such cases we often prolonged the record 
by refilling the spirometer with oxygen, but, nevertheless, complete return 
to the pre-exercise level did not always take place during the period of observa- 
tion. In such a case we finally decided to add the extra oxygen consumed in a 
standard period, the first 5 minutes of line 2, Figure 1, to that consumed 
during the exercise and the recovery period which immediate!}' followed it. 
In these cases the calculation was made as follows : 

1. Oxygen consumption before exercise = 230 cc. per minute. 

2. Oxygen consumption during exercise and immediate recovery period 
(2 minute duration) = 420 cc. per minute. 

3. Oxygen consumption for next 5 minute period = 240 cc. per minute. 

4. Extra oxygen for exercise period, (420 — 230) X 2 = 380 cc. 

5. Extra oxygen for next 6 minutes (240 — 230) X 5 = 50 cc. 

6. Total oxygen used in exercise = 430 cc. 

We are by no means certain that this is the best way to handle the data, 
for it is possible that the exercise changed the resting metabolic rate of our 
subjects by arousing them and so introduced an error into our results when 
calculated by this method. 

In short, while there seemed no perfectly satisfactory method of making the 
estimation from some of our records, the errors involved were probably small. 
We tried several methods of making the calculation and found they made no 
material difference to the conclusions that could be drawn from our data. 

The duration of increased oxygen consumption after exercise was measured 
from the end of the exercise period to the resumption of the resting metabolic 
rate at the junction of lines 2 and 3. This duration was often not easy to 
measure with great accuracy, and we were content to estimate it to the nearest 
§■ minute. Change in the mid-position of the diaphragm during exercise, as 
is shown by the record in Figure 1, increased the difficulty of the measurement, 
but this complication occurred in very few cases. 

Respiration was estimated by measuring the up-strokes on the record and 
applying the calibration of the spirometer. The figures given in the tables 
represent the volume as measured over water in the spirometer. The temper- 
ature of gas in the spirometer was always recorded, and the median value 
was 25° C. In the series of tests done on any individual the range of fbe 
spirometer temperatures was so small that we have not corrected the 
for it. The extra volume of respiration induced bj' the exercise was calculated 
in a manner similar to that used for extra oxygen, as follows: 

In the record shown in Figure 1 we find: _ . 

1. Hespiration before exercise, average of 3 minutes = 10.5 hters per mmute. 
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2. Respiration during exercise and recovery period, average of 4 minutes 

= il.7 liters per minute. . 

3. Respiration during last 2 minutes — 10.5 liters per minute. 

4. Extra respiration needed for exercise 4 (11.7 - 10.5) - 4.8 liters. 

As the respirations after exercise often varied from minute to mmute, it 
was difficult to determine the exact time at which the pre-exercise level was 
regained. Hunt and Dufton^ had the same experience, so following their 
example we calculated a “dyspnea ratio” as follows. Respiration during the 
exercise and for the first minute after it was neglected. The volume of respira- 
tion for the second, third, and fourth minute after exercise was ti^en and 
divided by the volume for the 3 minutes which preceded the exercise. Sta- 
tistics for this quotient are entered in Table 6. Our quotient differs from that 
of Hunt and Duftons as they measured respiration for one minute longer 
than we. After the much more vigorous work test they employed, this was 
doubtless advantageous, but inspection, of our data suggested that the increased 
breathing was often over by the fourth minute after the mild exercise we 
employed. 

Ballistocardiograms^'^ were made before and after the exercise m some, but 
not in all subjects. During the exercise impacts from the patients’ move- 
ments destroyed the record of the cardiac impacts, so estimations of cardiac 
output during exercise were not possible. We obtained satisfactory records 
within a few seconds after exercise was over. Therefore, the record was 
started when exercise was stopped and let run for about a minute. Another 
record was taken 5 minutes later. 

Inspection of the records obtained in the first cases showed so little that 
could be attributed to convalescence that ballistocardiograms were omitted 
from the latter part of the study. This simplication permitted us to apply 
the exercise test to patients without moving them from the ward. 

Fnlse rate before and after exercise was counted from the ballistocardiogram 
or taken at the wrist. 

Stalislical Calculations. The methods of Fisher* were followed. ’RTienever 
the word significant is used in this paper, it is used in the statistical sense of 
indicating that the probability that chance would account for the result was 
less than 5 in 100. Thus, when the word “significant” is used, the reader 
should realize that a calculation to determine it was made, although the cal- 
culation itself may not be mentioned. 

Results, To gain experience with the test we first used it 12 times 
on 5 healthy persom (Table 1). From the averages (Fig. 2) it is ap- 
parent that, as one would e:^ect, the exercise was followed by increased 
oxygen consumption, respiratory volume, cardiac output, and heart 
rate. The effect on respiratory rate varied; subject L. S., who had 
been a sprinter in his youth, once held his breath for a large part of 
the exercise period. In many experiments the ox^^gen debt was so 
small that its pajonent after exercise could not be detected. In some 
cas^ this was obviously due to an artefact, for changes in the mid- 
ppsition of tlie diaphragm during exercise made it impossible to decide 
how much oxj^gen was consumed and how much merely taken into 
the lungs in any given minute. Thus, records similar to Figure 1 
would lead to an overestimation of oxj^gen consumption during the 
minute of exercise and an underestimation during the recovery period- 
but, as the diaphragm eventually returned to its former position the 
total oxj^gen consumed during the exercise and recovery period can be 
^timated accurately. However, in most records the mid-position of 
t le diaphragm did not change, and the minute to minute oxygen con- 
sumption could be measured with reasonable confidence. 
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Insnection ot tile results obtained ou the same person on dtf erent 
days (Table 1) shows a high degree ol vanation. On Se^ember 20, 
R M appare4ly performed the test without usmg any o>--yg® 
tom tKromlto; one notes that before exere.se on ftis day h.s 
resting respiration and oxygen eonsumption were 
other test The effect of the exercise on cardiac output was also 
variable; on September 20, we demonstrated no increase m cardiac 



CARDIAC aJTWT2(>] 
X DEVIATION 

from normal 


EXERCISE 

TIME m MINUTES 


Fig. 2. “Average of the results obtained before, during and after exercise in 5 normal 
subjects -u^ho performed a weight-lifting test of approximately 600 foot-pounds for 
1 minute. 


output after exercise in L. S.; on September 15, 1. S. showed a delayed 
effect. Such variations warned us that it would be difficult to draw 
significant conclusions from the results, but at this stage in the investi- 
gation it was conceivable that the effect of the surgical procedure 
would be great enough to outweigh the inherent variability of the 
responses to exercise. 

. The averages of our results on respiration and oxj’’gen consump- 
tion after work are in agreement with expectations based on other 
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studies.i’2.3.9-12 The work performed by our healthy subjects was much 
less than in most similar studies and their respiration and oxygen con- 
sumption were proportionally less also, so that the average ratio 
between work performed and oxygen consumption was essentially 
similar to that reported by other authors. 

Using the usual method of calculation, the mechanical work per- 
formed by our subjects was approximately 600 foot-pounds per minute. 
The average oxygen required for the. performance of this work by our 
normal subjects was 318 cc. Converting both work and oxygen to 
calories in the usual marmer,^^ the average mechanical efficiency of 
our healthy subjects was 12.7%, a value close to that found in other 
weight-lifting tests. 

When we tested patients, distortion of the results by emotion occurred 
frequently. This was manifest by the abnormally large resting 
oxygen consumption, and in 9 Jjatients this finding forced us to abandon 
the test. Occasionally a patient who had performed in a satisfactory 
manner before operation was excited at a later test. In the tests 
whose results we accepted, the resting metabolism was always within 
or very near the normal basal range although we were not working 
under strictly basal conditions. 

The results obtained on patients are summarized in Tables 2, 3, 
4, 5, and 6. For statistical analysis the tests made after operation 
have been divided into groups. IVlien oxygen consumption and 
respiration were studied, the most natural division of the data was 
into 3 groups of tests, these made 2 to 6, 7 to 11, and 12 to 21 days 
after operation. The data on cardiac output and pulse rate, however, 
were subdivided differently. Only few estimations of cardiac output 
were made because the early results looked so unpromising. The 
pulse rate data looked more promising, and we added several experi- 
ments in which pulse rate alone was measured. Accordingly data on 
the circulation were divided into 2 groups, those made 1 to 8 days 
and 9 to 19 days after operation. Wren more than one estimation 
was made on a single subject within one time period, these results 
were averaged so that n, as given in the tables, represents the number 
of patients, not the munber of tests. 

TABI.E 2.— CHANGEa IN RESTING VALTJEB DDE TO OPERATION 


Date of results; 

2nd to 6th day 

7th to 11th day 

12th to 2lBt day 


mean 

er 

n 

mean 

<r 

n 

mean 

a 

n 

Resp. rate per min. . 

-1-2.8 

4.8 

10 

+1.1 

1.9 

12 

-t-1.3 

2.6 

11 

Resp. volume, liters per min. 

0 

1.6 

9 

-fO.l 

0.6 

11 

-i-0.3 

0.7 

11 

Resting metabolic rate, devia- 
tion % normal basal . 

-3 

11 

8 

-2 

17 

10 

-10 

25 

10 


The statistics are derived from differences between results found after operation and 
those obtained before it. For example, in tests performed^ between the 2nd and 6th day 
after operation, the average respiration rate was 2.8 per minute greater than it had been 
before operation. None of the means is significantly different from zero. 

The data obtained on our patients give information about the 
effect of convalescence from operative procedures on resting respira- 
tion and oxygen consumption which supplements our previous study 
on the resting circulation. These are recorded in Table 2. 
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. TT-.Twva tjou Extra. Oxygen Consumption and Extra 

Ta«t-p q Absolute Values fob hjxtka. 

Table d. ab o Respiration Dee to Exercise 

Days after operation 


Extra oxygen, cc. 


Before operation 


2 to 6 


7 to 11 

mean 

271 

4.9 

<r n 

161 15 

5.7 15 

mean 

311 

4.3 

er 

122 

6.6 

n 

10 

10 

mean c 

420 207 
7.7 4.9 


12 to 24 


mean 


statistics from data obtained during a mild exercise test. 

Table 4.-Cbanges in the Response to Exercise in Postoperative 


2nd to 6th day 

7 th to 11th day 

12tb to 21st day 

mean 

a 

n 

mean 

cr n 

mean 

cr n 

-25 

188 

10 

+ 41 

168 11 

+41 

207 11 

-0.5 

11 

10 

+2.1 

9 12 

+ 1.8 

7 10 


Date of results; 


Extra oxygen required for 
exercise in cc. 

Extra respiratory volume re- 
quired for exercise in liters 

' The statistics given are derived from differences between results found after operation 
and those obtained before it. For example, in tests made from the 7th to the tlth jlay 
after operation, the average oxygen needed to perform the work was 41 cc. greater 
tlian before operation. None of the means is significantly different from zero. 


Table 5. Changes in the Hesbonsb of thb Circulation to Exercise 

During Convalescence After Operation 


1st 

mean 


Pulse rate per minute: 

Immediately after exercise . —3.0 

30 seconds after exercise . • • —0.6 

5 minutes after exercise . . . +5.1 

Cardiac output; 

Immediately after exercise, % . +2.0 

30 seconds after exercise, % . . +5.0 

5 minutes after exercise, % . . +3.0 


to 8th day 9th to 19th day 


(T 

n 

mean 

cr 

n 

7.9 

11 

-2.5 

7.1 

13 

6.2 

10 

+1.1 

5.5 

13 

8.0 

11 

• +4.4 

6.8 

13 

4.0 

5 

-1.0 

4.2 

6 

2.8 

5 

+2.0 

3.1 

6 

5,4 

5 

-3.0 

0.7 

6 


The statistics given are derived from differences between results found after operation 
and those obtained before it. Por example, in data obtained between the 1st and 8th 
day after operation the pulse rate 5 minutes after exercise averaged 5.1 per minute faster 
than before operation. The mean in bold face type is significantly different from zero. 


Tabi,e 6. — Changes in the "Dyspnea Ratio” and in the "Duration of 
Increased Oxygen Consumption” After Exercise in 
Postoperative Convalescents 


Days after operation 


2 to 6 


7 to 11 12 to 21 


mean <r 

n 

mean a n mean c 

n 


Dyspnea ratio . 

+0.4 

O.OS 

9 

+0.8 

0.10 10 

-0.3 0.12 9 

Duration of incr. oxygen 
consumption, min. . 

+0.94 

1.46 

9 

+ 0.95 

1.04 10 

+0.5 0.77 10 


Means in bold face type are significantly different from zero. 


To give readers a better idea of the results obtained with the exercise 
test the data have been recorded in two ways. In Table 3 statistics 
on the extra oxj^gen and respiration needed for the standard exercise 
are given, the averages being derived from data set up as are those b 
Table 1. This provides readers with a much needed impression of the 
natin-e of our results, but it is a poor method of arrangmg the data 
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for statistical analysis, and no one would be surprised to find that, as 
in this instance, the differences are not significant. In Tables 4, 5, 
and 6 the data are presented in such a way as to neutralize individual 
differences "which may be present. In these compilations the values 
for each subject found before operation have been subtracted from the 
corresponding values found after it. The averages of these differences 
are given in Tables 4, 5, and 6, and one can thus ask himself the ques- 
tion whether the average change caused by the operation is signifi- 
cantly different from zero. This same method was used in the pre- 
ceding paper, where an explicit example is given. 

In analyzing the data on 05^'gen consumption and resphation we 
studied both the absolute values and the values per square meter of 
body smface. No improvement in the scatter resulted from the 
inclusion of the latter factor nor was significance attained, so tlie 
figures given in the tables are not divided by body sm-face. 

Discussion. In a previous investigation we studied the effect of 
operative procedures on the circulation of resting subjects. Although 
not om primary object, the studies reported here permit us to add 
information about the effect of operation on the resting respiration 
and oxygen consumption. These data are summarized in Table 2, 
and statistical analysis shows that none of the changes found after 
operation is significant. It may be concluded, therefore, that the 
operative procedures had no effect on the respiration and oxygen con- 
sumption of subjects at rest. 

The main purpose of this investigation was to answer the question 
whether the response to exercise was altered in postoperative con- 
valescence. We speculated that a given amount of work might then 
be performed less efficiently, that is, with a larger consumption of 
oxygen in relation to the work performed, as has been demonstrated 
after more severe exercise when the performer is “out of condition.”® 
From personal experience the senior author believed tliat when unwell, 
he tended to breathe more heavily for a given exercise than when in 
good health, so it was expected that respiration during a standard 
exercise would be greater during postoperative convalescence than 
before or after it. Oiu- results, however, must be considered under two 
headings: (1) those concerned with the amount of the changes induced 
by the exercise and, (2) those having to do with the duration of these 
changes. The results of the first group were negative; that is, we were 
unable to demonstrate that convalescence had a significant effect on 
the amount of oxygen consumed, the mechanical efficiency, the volume 
of respiration, cardiac output, or pulse rate during mild exercise. 

It is true that the average of these results is of some interest. Thus 
the average mechanical efficiency with which our patients performed 
the work was 10.9% before operation, 13% shortly after it, and then 
declined to 9.6% for the remainder of their stay in the hospital. Though 
the differences are not significant, one cannot but wonder whether the 
S'train of the operation called out bodily reserves which at first increased 
the efficiency. Only after some days had elapsed was the reduced 
efficiency characteristic of convalescence revealed. The statistical 
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odds are almost 3 to 1 in favor of a decline in efficiency after the &st 
postoperative week. If we had continued our work and studied a 
larger series of patients, significant differences might well have been 
attained Our aim, however, was not to establish the declme m 
ciency in convalescence, it was to devise a test for convalescence. For 
this purpose we have gone far enough to get our answer; no satisfactory 
test for convalescence can be developed by measurements of^this kmd. 
The variability inherent in the responses of individual subjects over- 
whelms the small changes which are caused by convalescence, and the 
latter frequently cannot be detected. 

Our data on the duration of the changes induced by exercise con- 
trast with our inability to demonstrate significant differences^ in the 
amount of these changes. During convalescence pulse rate, respiration, 
and oxygen consumption, although not unduly increased by the 
exercise, return to normal more slowly after it than was the case before 
operation. Thus the average, dyspnea ratio,® a measure of the pro- 
longation of increased respiration, is increased during convalescence. 
Reaching a maximum in the 7tli to 11th day after operation the 
difference is significant at that time; later the abnormality diminishes 
as the patient improves. Similarly, after operation the increased 
oxj^gen consumption of exercise returns to normal more slowly as the 
subjects take longer to pay their debt. Again this abnormality reaches 
a maximum in the period between the 7th to 11th day after operation 
when significance is attained, to decline as the patient improves. 

Also, after operation, while the average pulse rate taken within 
30 seconds of cessation of exercise is not abnormal, that taken 5 minutes 
later is faster during convalescence than it was before operation. In 
the first week after operation the average difference just misses signifi- 
cance, the probability being 7.5 im 100, while in the following period 
significance was attained. 

Obviously the objective abnormalities of convalescence are to be 
sought in the duration of the effects of exercise rather than in their 
amount. This is in accord with tlie observations of others in many 
conditions of ill-health.® The slow return of the pulse rate to normal 
after exercise has been the basis of many fitness tests. Increased 
dyspnea ratios have been reported in tlie unfit,® and a prolongation of 
the time required to pay the oxygen debt is a well known feature of 
heart disease.® 

_ Iodide we have been able to demonstrate significant abnormalities 
m convalescence by the use of averages, it is another matter to design 
a test which would detect these abnormalities in an individual seen 
for the first time in that state. The variability of the responses of our 
subjects was so great that we see no possibility of designing a satis- 
factory test for the detection of convalescence, and so of its duration 
by a test of the tjq^e we have employed. Perhaps this should have 
been expected as abnormalities not detected by mild exercise could be 
demonstrated by more vigorous exercise in Hunt and Dufton’s series 
Howm^er, v'e question whether it would be proper to subject patients 
recently operated upon to exercise as severe as these authors employed 
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Since the effects of postoperative convalescence are so overwhelmed 
by the variation inherent in our subjects, it was natural that we should 
give thought to the causes of this variation. One such cause, inherent 
in all weight-lifting exercise tests, consists of the differences in the 
way the work was done. In our test we can easily calculate the 
mechanical work performed, 600 foot-pounds per minute in each test. 
However, the conclusion that this value truly represented the effort 
exerted by the subjects would be erroneous. Other factors are of great 
importance. For instance, the calculation assumes that the bar is 
lowered without effort, which is certainly not the case as the subject 
opposes its free fall so that it null not strike his chest. To lift the bar 
with a jerk requires more effort also than if it is done with an easy 
motion, so the true effort exerted cannot be readily measured, and we 
have no assurance that our subjects were applying exactly the same 
effort in successive tests. That the manner of doing work affects the 
efficiency of a muscle’s performance is well known. 

Attracted by the result obtained on E,. M. on September 20, we 
calculated the correlation coefficient between the volume of respiration 
per minute before exercise and the extra oxj^gen needed for the standard 
exercise. Using all our data obtained on both normal subjects and 
patients, both before and after operation, we found significant negative 
correlation between these values. Apparently in om subjects deep 
breathing before exercise was followed by more efficient performance 
of mechanical work, and this raises some interesting physiologic 
questions far beyond the scope of this investigation. 

We also sought for a relation betw^een the oxj’-gen consumption before 
exercise and the efficiency of its performance, but we found nothing 
significant. 

Summary and Conclusions. By means of a standard mild exercise 
test we have sought for abnormalities during convalescence from 
surgical procedures. 

Oxygen consumption, and volume, and rate of respiration have been 
determined before, during, and after standard exercise. Cardiac 
output (ballistocardiogram) and pulse rate were estimated before, just 
after, and o minutes after the same standard exercise. 

Measurement of the magnitude of the changes induced by the exer- 
cise, revealed no significant differences which could be attributed to 
convalescence. However, when attention was given to the donation 
of the changes induced by the exercise, the averages showed significant 
differences, the increased oxygen consumption, respiration, and pulse 
rate declining to the resting level more slowly during convalescence 
than before operation. 

The respiration and oxygen consumption of subjects at rest were 
not significantly changed during convalescence. 

The variability in the physiologic response to exercise was so large 
that a test of the tj^pe used gives no promise of providing a satisfactory 
measure of the duration of convalescence in individual cases. How- 
ever, the slow return to normal of pulse rate, respiration, and oxygen 
consumption after exercise is over may have some value as an indica- 
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tion of persisting abnormality in certain individuals and will provide 
significant differences when data obtained from a series of 10 or more 
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(From the Medical Service of the Newton Hospital, the Departments of Pathology of 
the Peter Bent Brigham Hospital and Harvard Medical School) 

The present report is that of a case of coarctation of the aorta with 
a dissecting aneurj'sm in a 23 year old pregnant white woman. In- 
stances of coarctation of the aorta associated with pregnancy are 
unusual: Mendelson,^ in a review of the literature in 1940, was only 
able to find 26 cases and added 3 cases of his own; a more complete 
review has uncovered 9 additional cases= besides the one reported here, 
bringing the total number of reported cases of associated pregnancy 
and coarctation of the aorta to 39. However, dissection of the aorta 
occurred in only 2 of these cases, those reported by Strassman® and by 
Katz.^ Tlie present case, then, is the third in which dissection oc- 
curred in coarctation of the aorta in a pregnant woman and is the 
first in which the diagnosis was made before death. 


patient, a 23 year old white, married, pregnant woman 
(K 1178) entered the Newton Hospital, Feb. 10, 1944, on the orthopedic 
service because of severe pain in her neck that extended down her left ann 
The patient stated that she was months pregnant. She had had frequent 
examinations dunng this penod and was told that her blood pressure and 
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urine were normal. The pressure recordings were 140/90, 120/70 and 144/80 
during the 3 months before admission. Six da 3 ’'s before the present episode she 
vxsitra a local obstetrician to make arrangements for further prenatal care 
and delivery. At this time, physical examination revealed a slight systolic 
murmur over the base of the heart which was interpreted as a functional 
murmur. It was thought the thyroid gland was somewhat enlarged. No 
pulsation was noted in the right neck. The blood pressure in the right arm 
was 160/100. No other abnormalities were noted at this time. 

On the morning of admission she was stooping over a sink about to wash 
her hair when she was called and lifted her head suddenly with- a sideways 
motion. This was immediately followed by sudden pain in the back of her 
neck extending from the occiput down the spine to a point midway between 
the scapulie. Pain was also experienced down the left arm as far as the elbow 
and in the back of her throat. The pain was dull in nature but steadily 
increased in severity. _ It was not aggravated by motion. She was able to 
move her head in all directions except extreme flexion. Rest did not improve 
the condition. A buzzing sensation developed in her right neck. The patient 
became apprehensive and a physician was summoned who advised hospital- 
ization. 

The family history was not remarkable. The patient’s mother, father and 
four brothers were living and well. 

The p^t history showed that development was normal. She had always 
been_ active in sports and had noted no symptoms except for a pulsation in 
her right neck following exertion. As a child she had mumps, whooping cough, 
scarlet fever and chicken-pox. She had no other illnesses except a history of 
joint pains at the age of 16 that did not confine her to bed. 

Present History. On admission the pulse was 64, temperature 98.4° and 
respirations 20. The blood pressure in the right arm was 100/90 and in the 
left arm 138/88. No readings could be obtained in attempting to take the 
blood pressure of the legs. The skin of the face seemed somewhat suffused. 
There was a slight fulness over the thyroid area. There was a marked pulsa- 
tion in the right side of the neck at a point just above the iunetion of the 
sternocleidomastoid muscle and clavicle, and a palpable thrill and systolic 
impact over this area. Posteriorly, there was' tenderness over the cervical 
vertebra. There was moderate limitation of fle.xion of the neck but move- 
ments of the neck were not restricted otherwise. The breasts showed only 
the usual changes associated with pregnancy. Lungs showed no rSIes but 
there was slight dulness and decreased breath sounds at the right base. The 
heart was enlarged to percussion both to the right and left with increased dul- 
ness at the base of the heart, especially at the left upper border of the breast. 
The rhythm was regular and the sounds were forceful and of good qualit 3 \ 

A Grade II systolic murmur was heard over the base, especially at the pul- 
monary area, and a fainter systolic murmur at the apex. There was an impact 
to the sounds at the base. A faint but definite systolic murmur was heard 
between the vertebra and the spine of the left scapula. A pulsating artery 
was felt beneath the rib in the left midback. The radial pulse on the right 
was weak and was of normal intensity on the left. Pulsations were absent 
in the abdominal aorta, femoral arteries and dorsalis pedis vessels. There 
was no pitting edema. The abdomen was enlarged and the fundus of the 
uterus was palpable just above the umbilicus. The fetal heart sounds were 
of good quality, the rate being 140. 

Laboratory Data (during hospital stay). Hemoglobin, 78% (Sahli); red 
blood cell count, 3,590,000; white blood cell count, 13,900; a normal distribu- 
tion of the white cells and no abnormal red or white blood cells. The N.P .N. 
was 38.8 mg. and the blood cholesterol 259.2 mg. per 100 cc. The fasting 
blood sugar was 107 mg. per 100 cc. The blood Hinton was negative. Two 
electrocardiograms (Feb. 11 and 14, 1944) showed slight left ventricuto pre- 
ponderance; the second showed slight but definite elevation of STi + bli ana 
slight depression of ST< (Fig. 1)- Roentgen ray of the chest on the 1st iio^ 
pital da 5 ’’ showed the heart to be enlarged and the lungs to be clear; the 4tn 
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and Sth hospital days, Roentgen rays showed a tother increase m the size 
of the heart and width of the mediastinal shadow (Fig. 2). 

Hospital Course. The patient was seen by one of us (S. A. L.) who made a 
diagnosis of congenital coarctation of the aorta with acute dissecting aneurysm. 
At this time she appeared fairly well. The patient was inoved out of the 
general ward into^a single room and^arrangements were made to perform an 



Fig. 1. — Upper electrocardiogram (4 leads) taken Feb. 11, 1944; lower record taken 
Feb. 14, 1944. Note slight elevation of STj and STs and slight depression of STa. 



Fig. 2.-A, a 7 foot Roentgen ray plate, taken Feb. 10, 1944, shows moderate general 
cardiac enlargement and some prominence of ascending aorta. There is slieht W 
definRe notching of the ribs especially of the right eighth rib posterior^! (Se7aiow 

of SSaTd Sictha^dot'' ^-S;er LlarglTnl 


as it was feared that the aneurysm might sud- 
denly rupture into the pericardial sac. She remained in the hSaWor 

the complamed of attacks of pain over the base of 

« e skull. Other times, pam was present in the neck and over the nrecordh™ 
The chest pam was accentuated by deep breathing. There were 2 min nr 
exacerbations of pam m the base of the skull and precordium on the 3 

Snr„t°Ur,?‘f,47'r ".r S IS** Se 

ths she became conscious, complained S severe S af tSZ. 
and m the anterior chest, for rchieh she rcasS™ morehlne?? tlfrl S' 

« iev3'.'’™'’““‘ “"“O rete to the p?™; 
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During the late afternoon of the 5th hospital day (Feb. 14, 1944) there was 
a sudden loss of consciousness. The patient became cyanotic and suffered a 
mild convulsive seizure. Respirations were deep and slow and she died 
d imnutes later. A postinortem Cmsarean section was performed and a viable 
baby obtained which weighed 2 pounds 15 ounces. The baby lived for 3 hours. 

Autopsy. Tim body was that of a normally developed well-nourished young 
wmte lemale. The pertinent pathologic findings were in the heart and aorta. 
<• r tense and distended bj'- approximately 750 cc. 

or liquid and clotted blood. The serosal surfaces of the parietal and visceral 
pencardium were covered by deposits of fibrin. The heart weighed 390 gm. 
i here was a bicuspid aortic valve "which measured 7 cm. in diameter. The 
cusps were well formed and showed no evidence of thickening. The remainder 
of the heart was not remarkable. The aorta, at a point 9 cm. above the aortic 
valve and 0.8 cm. distal to the mouth of the left subclavian artery, narrowed 



Fig. 3. — Aorta showing point of coarctation. (See arrow.) 


abruptly to a diameter of 3 mm. (Fig. 3). This diameter was maintained 
for a distance of 5 mm. when the aorta abruptly widened to a circumference 
of 5.2 cm. There was a ragged tear in the aorta which began at a point 1 cm. 
above the aortic valve and extended up and laterally across the aorta for a 
distance of 3.5 cm. (Fig. 4). Blood had dissected through the tear and back 
into the pericardial cavity. Dissection had also extended up the ascending 
aorta, betw'een layers of the media involving the innominate and right carotid 
arteries. The lumen of the carotid artery w'as partially occluded. The aorta 
distal to the point of narrowing was somewhat smaller but otherwise not 
remarkable. 

Microscopic Examination. Multiple sections of the aorta were taken both 
proximal and distal to the point of coarctation as well as from the point of 
rupture. These were fixed in 10% formalin and stained with_ hematox^m 
eosin and Weigert’s elastic tissue stains. The intima in all sections was thin 



Fig. 4.— Aorta showing point of rupture. (See arrow.) 
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and regular and showed no evidence of atheroma or other changes. The inter- 
nal elastic lamella was intact and of uniform thickness. 

The media in all sections of the aorta proximal to the point of coarctation 
showed marked changes. There were many areas in which there was loss of 
both muscle cells and elastic tissue. Elastic tissue stains showed breaks in 
th^ continuity of the elastica in these areas. In the sections taken from the 
ascending arch of the aorta and particularly in those near the point of rupture 
the loss of elastic tispe was especially severe (Fig. 5). In these areas there 
were numerous cavities fiUed by mucoid-like material from which the elastic 
tissue had completely disappeared (Fig. 6). These cavities were bordered by 
apparently normal media. In one area, near the point of rupture, approxi- 
mately a third of the media was devoid of elastic tissue and the defect was 
replaced by loose fibrous scar tissue which was relatively avascular (Fig. 8). 



Fig, 6, — The ascending aorta demonstrating the marked cavity in ;i.i' media. 

(Hematoxylin and eosin, X 125.) 

Similar smaller areas were present throughout the sections taken from the 
aortic arch. No adventital lesions could be demonstrated. It should be 
noted that no evidence of inflammation was found in any of the sections of 
aorta studied. No lesions of the media were present in the sections taken from 
the aorta distal to the point of coarctation. 

Sections of the myocardium were not remarkable except for the pencardial 
surface. Here, there was recent blood clot and the subpericardial space was 
moderately infiltrated by neutrophils and mononuclear cells. 

Postmortem examination of the fetus showed marked pulmonary atelectasis. 
The heart, aorta and otW organs were normal. 

Comment on Pathologic Findings. The changes in the media of the 
aorta proximal to the point of coarctation were similar to those de- 
scribed by Erdbeim,® Moritz® and others and to which the 
“Medionecrosis aortm idiopathica cystica” has been given. This 
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lesion has not been noted often in coarctation of the aorta. Harrison 
has reported a case in which this type of medial degeneration was 
present in the arch of an intact coarcted aorta. Gloggengiesser d^ 
scribed a case of coarctation in which dissection was associated with 
medial necrosis. Abbott and Hamilton,® in a review of the literature 
in 1928, found 33 cases in which there was spontaneous ruptme of 
the ascending aorta and in 13 of these the microscopic exammation of 
the wall of the ascending aorta adjacent to but not involved in the. 
rupture was made. In 1 case, the wall of the aorta was considered 
to be normal while m all the other aortse there were marked changes in 
the media, which were described as consisting of interruption and 
diminution of the elastica with hyaline and occasionally fatty degen- 
eration, These changes were considered by Abbott and Hamilton to 
be evidence of inherent weakness of the media. It should be pointed 
out that all of the cases discussed by Abbott and Hamilton were 
reported before Erdheim’s description of medial necrosis cystica and 
therefore it is possible that many of these cases would today be con- 
sidered examples of medial necrosis rather than of developmental 
defects of the media. Of particular interest in the present case, and 
in Harrison’s case was the fact that the medial lesion was present in 
the aorta proximal to the point of coarctation and absent in that por- 
tion of the aorta distal to the coarctation. In a third unreported case 
seen by one of us this combination of circumstances was also true. 

In a review of dissecting aneurysm in young individuals, Schnitker 
and Bayer^® found that there was a high incidence of congenital nar- 
rowing of the aorta varying in degree up to coarctation. The large 
number of young pregnant women in their review led them to speculate 
concerning the possible relationship between altered lipid metabolism 
and acute dissection of the aorta. This problem needs further investi- 
gation. 


Clinical Discussion. Acute dissection of the aorta and coarctation of 
the aorta are individually not very rare. However, the presence of 
both occurring in a young pregnant woman is quite uncommon, and 
only 2 other such cases have been reported. It is of interest that the 
clinical antemortem diagnosis was not difficult. The onset of sudden 
severe pain in the throat and tlie back of the neck which also involved 
the upper back and left arm directed attention to the possibility of a 
vascular accident. In the case reported by Katz^ similar pain in the 
throat and neck was a prominent feature. The routine examination, 
which revealed absent femoral and abdominal pulsations, quickly 
focussed attention on the possibility of coarctation of the aorta. This 
readily explained the basal systolic murmur and led us to listen to the 
interscapular region where the same murmur was audible. Further- 
more, confirmatory^ evidence was obtained when a pulsating artery 
uas detected in the left midback, and no blood pressure reading could 
be made out in the legs. It is of interest that this clmical diagnosis 
was made even though the Eoentgen ray examination first overlooked 
the changes m the nbs. After the diagnosis of coarctation had been 
established, the obvious explanation for the symptoms appeared to be 



732 


RACE, LISAl 


a rupture of the aorta. The palpable thrill in the region of the right 
carotid artery and the decrease in blood pressure in the right arm indi- 
cated^ that the dissection had extended to partly occlude the right 
carotid and innominate arteries. As rupture into the pericardial sac 
is a frequent complication of dissecting aneurysm of the ascending 
aorta, the final outcome in this case was anticipated. 

Summary. A case is reported in which an acute dissection of a 
coarcted aorta occmred in a yoimg pregnant woman. Death took 
place abruptly as a result of rupture of the dissection into the peri- 
cardium. This is the first instance in which the complete anatomic 
diagnosis was made antemortem. 
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COMBINED ACUTE VASCULAR LESIONS OF BRAIN AND HEART , 
A Clinical-Pathologic Study op 15 Cases 
By George A. Race, M.D. 

AND 

James R. Lisa, M.D. 

NEW TOBK 17, NEW TORN. 

(From the First Medical Division and the Laboratory of Pathology, City Hospital 
Welfare Island, Department of Hospitals, New York) 

There has been little mention in medical literature concerning the 
simultaneous occurrence of acute cardiac infarction and acute cerebro- 
vascular accident. In 1937, DozzB reviewed 107 autopsies of hemor- 
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rhage, thrombosis or embolism of the brain. He found that 12 
(11.2%) had an associated coronary thrombosis. He also stated tnat 
among 41 cases of coronary thrombosis, 12 (29%) had an associated 
cerebral vascular lesion. He gave no details of the patholo^, nor did 
he describe the acuteness or chronicity of the lesions. In 1939, Hozzi 
reported electrocardiograms taken on 66 cases of hemiplegia, in 
this group, there was evidence of coronary thrombosis in 8 (12.1%). 
He commented on the close approximation of the figures in the material 
from autopsy and of the cases of hemiplegia. Among the 66 cases, 
15 came to autopsy, including 4 of the 8 cases diagnosed as coronary 
thrombosis. The coronary thrombosis was verified in thpe 4 in- 
stances, in, 2 of which coronary occlusion was of recent origin and in 
2, of remote origin. Meakins and Eakin,"* in 62 cases of coronary 
occlusion, found an associated cerebral thrombosis in 6.4%. Among 
83 autopsies of coronary tlirombosis, Parkinson and Bedford^ reported 
1 case of cerebral embolism. Conner and Holt,^ in a study of 287 cases 
of myocardial infarction, found 14 cases (4.9 %) with associated cerebral 
emboli. 

The present report is a review of 100 consecutive autopsies performed 
at City Hospital from 1938 to 1944 in which either an acute myocardial 
infarction, with or without coronary thrombosis, or an acute cerebral 
vascular accident was foimd. In the entire series, there were 15 cases 
with combined acute vascular lesions of both brain and heart. 

Of the 100 cases, 90 were in whites and 10 in negroes. The sexes 
were equally divided, 50 in each group. The ages ranged from 25 to 
88 years, the youngest patient being a white female 25 years old; the 
oldest, a white female 88 years old. The age distribution in decades 
was as follows; 20-29, 2; 30-39, 3; 40-49, 13; 50-59, 24; 60-69, 29; 
70-79, 20; 80-89, 9. Of the 15 cases with the combined lesions, 9 were 
in women and 6 in men. It is unusual to find a female predominance 
in any statistics associated with acute coronaiy occlusion and partic- 
ularly so in reference to its complications. Indeed, White^ states that 
the male sex is more often affected, “at least to a serious degree,” 
by coronary disease than is the female. Their average age was 65.4 
years, the youngest being a male 34 years old, and the oldest, a male 
and a female, both 82. All the patients were white. 

Among the 15 cases with the combined lesions of heart and brain, 
the cerebral lesions proved to be of various characters. The most 
frequent lesion found in the brain was cortical petechial hemorrhages, 
usually of widespread, unilateral distribution. See Figure 1. Massive 
intracerebral hemorrhage was almost as frequent. There were only 
2 cases of extensive encephalomalacia. Of the cardiac lesions, there 
were 6 cases of acute coronary thrombosis with infarction and 9 
instances of extensive acute myocardial infarction without thrombosis, 
ihe details of tliese findings are given in Table 1, 

The clinical features in the cases with the combined lesions of brain 
and heart are of particular interest. The presenting sjonptomatology 
was more frequently neurologic in nature. The cardiac sjmptom- 
atologj^ was less frequent. There were some cases in which sjunptoms 
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referable to both organs were present, but usually the neurologic 
signs were more strilcing. There were only 2 cases completely lacking 
in neurologic signs and sjnnptoms. There were 8 cases with complete 
absence of cardiac complaints. The chief presenting symptoms and 
signs are given in Table 2. 


Tabm 1. — Pathologic Findings of Heabt and Brain 



Acute 

Acute myocardial 
infarction 

Brain 

coronary 

without 

thrombosis 

thrombosis 

Small intracerebral hemorrhages .... 

. . 1 

1* 

Massive intracerebral hemorrhages 

. . 0 

4 

Massive encephalomalacia 

. . 2 

0 

Cortical petechial hemorrhages 

. . 2 

‘ 3 

Intracerebral petechial hemorrhages 

. . 0 

1* 

Cortical and intracerebral petechial hemorrhages 

. . 1 

1 

Both cerebral lesions found in the same patient. 

Table 2.— Presenting Signs and Sysiptomb 


Coma 

. . 8 


Hemiparesis 

. . 1 


Hemiplegia 

. . 8 


Aphonia 

. . 2 


Chest pain 

. . 6 


Cardiac decompensation , 

. . 2 


Absent neurologic findings 

. . 2 


Absent cardiac findings 

. . 8 



The correct clinical diagnoses of combined lesions of brain and heart 
were made in only 2 instances. In 2 other cases, they were suspected. 
In 2 cases, the cardiac infarction was correctly diagnosed and in 
7 instances, the correct diagnosis of the cerebral lesion was made. 
Neither lesion was suspected in 2 cases. That the cerebral lesion was 
more often correctly diagnosed may be attributed to the fact that the 
neurologic signs and symptoms were predominant. 

The brief histories and pathologic findings of 4 illustrative cases 
are presented. 

Case Abstracts. Case 1. A 52 year old white male had had previous 
twinges of precordial pain. On the night of admission, he awoke from sleep, 
vomited and felt a choking sensation over the upper part of his chest. His 
breathing became labored and he lost consciousness. Physical examination 
revealed a comatose, non-cyanotic individual. His heart sounds were good. 
Blood-pressure: 170/110. His reflexes were normal and equal except for 
bilateral Babinski signs. An electrocardiogram show'ed an acute anterior 
coronary occlusion. Blood sugar; 236 mg. per 100 cc.; blood N.P.N.; 35 rag. 
per 100 cc. The temperature and pulse rose, the patient went rapidly down- 
hill and he died 24 hours after admission. 

AtrropsT revealed an acute coronaiy thrombosis of the anterior descending 
branch of the left coronary artery ■with myocardial infarction. There was an 
aneurysmal dilatation of the left ventricle and a rupture of the left ventricle 
at the junction of the lateral ventricular wall ivith theaneurj'sm. There v,'ere 
ako cortical and intracerebral petechial hemorrhages of the left frontal and 
temporal and right frontal and parietal lobes, and of the pons, medulla and 
the deep portions of the island of Reil (see Fig. I), , j- 

Case 2. A 71 year old white male had had frequent attacks of cardiac 
decompensation. Three years ago, there was an attack of loss of speech from 
which be recovered in 5 months. On admission, he was speechless and stupor- 
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0 U 8 His face was twisted to tte right. The liver was P^IP^ble and te^ 
S hSrt showed a normal sinus rhythm ^^ith no murmurs Blood P^essug. 
0 Qn/i 7 f\ 'Thp dppn reflexes were abseDl/ in the right arm and the 
Z' wt Joritteon thelijit Blood wr: 87 mg Mood 

nS N • 32 mg. per 100 cc. An electrocardiogram revealed 
ventricular m^cle. The patient became dysarthric and then anarthnc. The 
pulse and temperature rose, signs of consolidation developed at the rig 
and the patient died 9 days after admission. 



Fig. 1. — Photographs of a brain illustrating extensive petechial cortical hemorrhages 
involving the frontal lobe, the island of Reil, the occipital lobe and thfe basal nuclei. 


Autopsy revealed acute cardiac infarction of the left ventricle without 
thrombosis. The brain showed cortical atrophy of the right cerebrum and 
superior g 3 'rus of the left temporal lobe, cerebral arteriosclerosis and acute 
massive intracerebral hemorrhage of the left basal nuclei, involving the internal 
capsule. 

Case 3. An 82 year old white female was found lying on the floor, unable 
to speak or to move her right arm or leg. She had had a similar stroke 14 years 
ago. On phj'sical examination, the heart was found to have a normal sinus 
rhythm. There were no murmurs. Blood pressure; 220/100 There were 
occasional dry rales at the right base. There was a right hemiplegia with a 
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right facial paralysis. The Babinski sign was positive on the right The 
temperature and pulse rose, moist rdles developed in the chest, the patient 
became cyanotic and she expired 3 days after admission. 

Autopsy revealed an acute cardiac infarction of the left ventricle and the 
distal portion of the interventricular septum without thrombosis. There was 
a hemorrhagic area in the left basal ganglion region including the thalamus, 
the posterior portion of the lenticular nucleus and the posterior limbs of the 
internal capsule and the e.xternal capsule. There was also atrophy of the right 
parietal-occipital region. 

Case 4. An 82 year old white male fell from a chair, and developed a 
motor aphasia and paralysis of the right upper and lower extremities. Shortly 
afterwards, he lost consciousness. He wms comatose on admission. Physical 
examination showed a right facial paralysis. There w'ere bilateral basal rales. 
The heart was enlarged to the right. No murmurs were heard. Blood pres- 
sure: 150/100._ There wms paralysis of the right arm and leg and the Babinski 
sign was positive on the right. The patient developed dyspnea and cyanosis 
with loud coarse rales and a rise in temperature to 103°. He expired 4 days 
after admission. 

Autopsy revealed acute cardiac infarction of the apex of the left ventricle 
without coronary thrombosis and multiple areas of infarction in the w^all of 
the right ventricle. In the brain were found cortical and intracerebral hemor- 
rhages of the frontal and parietal lobes and of the lenticular nucleus. 

During the course of this investigation, it was found that in another 
5 of the 100 reviewed cases, the clinical manifestations led to the 
diagnosis of a cerebral accident with a resultant hemiplegia. In each 
of these cases, an acute myocardial infarction was found and in each 
case the brain, both on gross examination and on section, failed to 
reveal any acute vascular lesion. All of these patients w^ere males, 
their average age was 65.2 years. Four of the patients w'ere comatose, 
all 5 exliibited hemiplegia and none of them presented symptoms or 
signs referable in any way to an acute cardiac lesion. 

The brief histories and pathologic findings of 2 illustrative cases are 
presented. 

Case 5. A 68 year old white male, while seated in a chair, suddenly slumped 
to the floor and developed paralysis of the left leg, arm and face. There w'as 
no loss of consciousness but bis speech was thick. The patient had had a 
stroke 5 years before. Physical examination revealed a semistuporous patient 
Avith a left hemiple^a and a positive Babinski sign on the left. The heart 
sounds were of poor quality. There w^as a regular sinus rhythm. No murmurs 
were heard. Blood pressure: 135/88. During the patient’s 15 days in the 
hospital, the neurologic findings remained unchanged. For the last 48 hours, 
he was stuporous, then comatose and had a terminal fever of 103°. 

Autopsy revealed an acute thrombosis of the anterior descending branch 
of the left coponary arterj’’ with progressive myocardial infarction. On gross 
examination and on section, the brain revealed 2 well-demarcated areas of 
softening and atrophy, 1 in the inferior portion of the island of Ileil and the 
other in the posterior portion of the right occipital lobe. Otherwise, the brain 
was negative. . 

Case 6. A 74 year old white male fell twice and developed difficulty in 
speaking on the day before admission. Physical examination revealed a 
patient with a left seventh nerve paralysis. The rhythm of the heart was 
irregular. There were no murmurs. Blood pressure: 150/110. The reflexes 
were normal and equal. The Babinski sign was negative. _ On his third hospiffil 
day, be was found in coma with signs of a left hemiplegia. _ The next day ne 
developed diffuse rales through both lung fields. He expired 7 days after 
admission, 
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Autopsy showed a progressive myocardial infarction without thrombosis. 
On gross examination, the brain was negative. 

Comment. The evidence from these cases indicates that clinical 
findings alone are not sufficient basis for establishing the co-existence 
of the two acute lesions. The etiology of the hemiplegia in these 
cases is an interesting point for speculation. Perhaps the best explana- 
tion is the development of a temporary anoxemia of the brain caused 
by the sudden drop in blood pressure which usually accompanies an 
acute cardiac infarction. The fact that 4 of the 5 patients w’^ere coma- 
tose may be cited in support of this theory. 

Discussion. It is obvious from the data presented that acute myo- 
cardial infarction may be masked by the presence of an associated 
acute cerebral vascular accident or by nemologic signs^ having no 
demonstrable pathologic explanation. It is equally obvious, there- 
fore, that every case with neurologic evidences of a cerebral lesion 
should also be considered as a case of acute coronary occlusion until 
proven otherwise. If such an error can occur in one out of every 
5 cases, then this caution is certainly warranted. The discovery of an 
associated acute myocardial infarction will change the treatment and 
may well alter the prognosis. 

In reviewing the cause of death in these 20 cases, it was found that 
in 11, a major factor in the demise of the patient was an acute broncho- 
or lobar pneumonia. The pattern for this ultimate termination w^as 
seen in the case histories of Patients 2, 3, 4 and 6. The high incidence 
of this terminal factor raises the pertinent question as to w^hether the 
prophylactic use of sulfa drugs should be employed in all cases of 
cerebral accidents and acute cardiac infarctions. 

Summary. 1. A review' is presented of 100 consecutive autopsies 
with either an acute myocardial infarction or an acute cerebral vascular 
accident in which both the brain and the heart w'ere examined. 

2. Fifteen cases (15%) were found to have both acute myocardial 
infarctions and acute cerebral vascular accidents, 

3. Five cases were found to have neurologic signs pointing to a 
cerebral accident. The brains in all 5 cases wmre negative on gross 
examination and on section, "whereas acute myocardial infarctions 
rvere demonstrated in all of them. 

4. It is suggested that in every case with neurologic evidences of an 
acute cerebral vascular lesion acute cardiac infarction be carefully 
considered and explored. 

5. The suggestion of the use of sulfa drug prophylacticallv in these 
cases is raised, in view of the high incidence of terminal lobar and 
broncho-pneumonia. 
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THE EELATIONSHIP BETWEEN CELLS AND PLASMA IN 
CDLTXIEES OF THE BUFPY COAT PROM 
HUMAN BLOOD 

By George Draper 
Cynthia Pierce 

AND 

C. W. Dupertuis 

NEW YORK, NEW YORK. 

(From the College of Physicians and Surgeons, Columbia University and 

Presbyterian Hospital) 

Since the recent report by Draper, Ramsey and Dupertuis^ on 
variations in behavior of cultured leukocytes from individuals of 
different constitution types, further observations have been made of 
the cellular and humoral relationships in such preparations. Previous 
workers in the held of tissue culture have been faced with the question 
of whether the cellular component of the explant or the plasma medium 
is responsible for modifications in the form and migration of out- 
wandered cells. Walton,® working with rabbit testicle, thyroid and 
kidney tissue in various rabbit plasmas, concluded that the plasma 
alone was responsible for variations in cell growth. It should be noted, 
however, that Walton’s experiments were concerned with fixed tissues 
of different organs. Carreff believes that monocytes act as delicate 
indicators of the quality of the serum media in which they may be 
growing. He points out that changes in the plasma which the mono- 
cyte reaction detects may be related to the serum provider’s age, state 
of nutrition, or pathologic condition. 

The foregoing remarks bear upon two problems. The first concerns 
the relative importance of cells and plasma as factors in determining 
the character of cell morphology'' and behavior. The second ra'ises the 
question of the extent to which a given individual’s cells exliibit indi- 
vidual specificity. Species specificity of the cells is known to exist 
and Landsteiner’s blood groups point to subspecies specificity in red 
cells as well. As yet, however, there is little e\''idence bearing on 
species specificity in the white cells of the blood. The possibility that 
some such cellular identity exists, however, receives support from 
Landsteiner’s® observation based on precipitin reactions; . . in 

spite of cultivation of chicken tissues in foreign plasma over an extended 
period there was no loss of species specificity.” But, to the question of 
individual specificity, the work of Loeb^ on living tissue transplants 
brings convincing evidence. In line ■with Loeb’s demonstrations, recent 
findings in this laboratory'', based upon observations of human leuko- 
cytes incubated in autogenous and homogenous plasmas, point not 
only' to a factor supplied by' the plasma component of the culture but 
also to the positive contribution by the leukocytes as well. 

Experimental Procedure. The technique used here for preparing tissue 
cultures has been described previously.* The necessity for washing the ceils 
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in order to free them completely from their own adherent film of autogenous 
plasma before transplant into foreign plasnia is evident. 

Two experiments were planned to investigate the part played by plasma 
and cells in determining the extent and rate of migration as well as individual 
cell form and conduct. A total of 127 individuals supplied the blood; some 
of the recovered clinical cases were in good health. 

As an early use of this method of investigating specificities in white blood 
cells, this study did not attempt to identify, in the hematologic sense, the 
various types of leukocytes in the buffy coat culture. In a previous paper^ 
we reported that polymorphonuclears and large mononuclear cells differed 
greatly in behavior and survival time. These differences were important 
factors in what we have presumed to be constitutional cell patterns. The 
small lymphocytes, of all the white cells, have consistently displayed almost 
no visible change of aspect or special activity. 

In an attempt to exclude extraneous factors from influencing the size of the 
areola we have standardized, as far as possible, the size of the explant, the 
amount and proportions of the medium, and have drawn the blood at a gener- 
ally constant time after breakfast in the morniag. We also ran a few^ experi- 
ments to determine how much explant size influenced areola size. It turned 
out that this influence was slight. Apparently during the first 3 hours the 
cells migrate mainly from the surface layers of the explant. 

In the first experiment, blood specimens from 127 individuals (8 normal, the 
rest representing 19 different diseases) were studied in pairs (88 instances), 
threes (23), and fours (16). Four cultures were prepared for each pair. One 
culture for each member of the pair w'as composed of its own plasma and 
cells (autogenous) and one of its own cells incubated in its partner’s plasma 
(homogenous). In the groups of threes and fours the same procedure was 
carried out so that the buffy coat of each blood sample was cultured in its 
own and in each of its companion plasmas. 


Table 1.— Effects of Autogenous and Homogenous Plasmas Upon 
3 Different Bufft Coats 

Clinical 

diagnosis and Areola Activity 

constitutional Blood . — ' . of 


Cells Plasma 


type 

Tuberculosis 
linear, mus- 
cular type 


r Myocardial 
infarction 


type W^idth Density ceils 
A Nar. Med. Extr. 


Nar. Med. Mod. 


Nar. Med. Mod. 


A Wide Thick Mod. 


Wide Med. Mod. 


Wide Med. Slight 


Poliomyelitis 
lat., stocky 
tj-pe 


B 


Very 

nar. 


Cellular morphologj’ 

Cells -n-ith small thin projections; 
at 24 hours many broad, long, 
pale celts (see Fig. 1, 1) 

Many small, round cells, and 
many large bizarre, pale cells; 
at 24 hours long, thin cells (see 
F'g. 1. 2) 

Cells with 1 or 2 blunt pseudo- 
podia; at 24 hours many very 
long, pale cells (see Fig. 1, 3) 

Alajority of cells with numerous 
small blunt pseudopodia ap- 
pearing very knobby (see Fig. 
1» 4) 

Much cell death and many pale, 
broad cells; occasional long' 
cells becoming very numerous 
at 24 hours (see Fig. 1, S) 

iMuch cell death and many round 
cells; at 24 hours clumps of 
round cells (see Fig. 1 , 6) 


Thin Mod. 


Cells ^itb 1 or 2 blunt pseudo- 
podia; at 24 hours many broad, 
^ II ' occasional long 

.... complete ttis cross 

Zr. many round 

cells, at 24 hours many round 

is designated by capital letter. Plasma designated by arauTe«e:.”Slr'l"i''T. 

werfeStaS W 


BufFj* coat 
Plasma, r, a. 
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tile paralysis 16 years previously, and (6) in its own plasma. In both experi- 
ments all the cultures were incubated at 37° C. and were observed at 3 and 
24 hour intervals. Areola width and density, individual cell morphology, and 
the activity of the migrating cells were recorded. (See Tables 1 to 4.) In 
addition, the red cells of each blood sample were classified according to the 
Landsteiner method. 


Table 2.- 

-Effect of an Interchange of Leukocytes and Plas.ma Upon 
Areola Size 

Clinical 

diagnosis and Areola .Activit.v 

constitutional Blood . • . of 

Cells 

Pla-ema 

type 

type 

Width 

Density cells 

Cellular morphologj- 

\V 

w 

Chr. myelo. 
leukemia 

O 

Nor. 

Med. Mod. 

Very large cells, clumped to- 
gether and regular in shape 

W 

X 

.... 

• • 

Nar. 

Med. Uod. 

Very large cells, clumped to- 
gether and regular in shape 

X 

X 

Infec. mono- 
nucleosi® 

0 

Nar. 

Med. Mod. 

Many small round cells; many 
cells with 1 or 2 blunt pseudo- 
podia 

X 

w 

« a ■ • 

• • 

Very 

wide 

Very Mod. 
thick 

Many small round cells; many 
cells with 1 or 2 blunt pseudo- 
podia 


BuHy coat designated by capital letters. Plasma designated by .small letters. Explant, W, X. 
Plasma, tv, x. 


Table 3.— -An Instance or Crossed Leukocytes and Plassias Showing 

No Changes 

Clinical 

diagnosis and Areola Activity 

constitutional Blood . . of 


Cells 

Plasma 

tj'pe 

type 

Width 

Y 

y 

Diabetes 

mellitus 

B 

-Med. 

Y 

z 

.... 


.Med. 

Z 

7. 

Hypertemion. 

contact 

dermatitis 

0 

Very 

wide 

Z 

y 

.... 


Very 

wide 


Density 

cells 

Cellular morphology 

Med. 

Mod. 

Many cells; many long cells; at 
24 hours no long cells 

Med. 

Mod. 

Many cells; many long cells; at 
24 hours no long cells 

Med. 

Mod. 

Many pale, broad, angular cells; 
some cells with very sharp pro- 
jections 

Med. 

Mod. 

Many pale, broad, angular cells; 
some cells with very sharp pro- 
jections 


BuSy coat designated by capital letters. Plasma designated by small letters. Explarit, Y. Z. 
Plasma, y, z. 


Table 4.— The Effect of One Plassia (t) Upon the Leukocytes or 
3 Different Indiyiduals 

Clinical 

.-treola Activity 


Cells 

Plasm.-i 

constitutional 

type 

Blood 

type 

Width 

Density 

of 

cells 

L 

I 

Mixed tMJe 

0 

Med. 

Thick 

Mod. 

I. 

t 

uIcer-G.B. 


Wide 

Thick 

Extr. 

C 

C 

c 

Inf. monoiiu- 

O 

Nar. 

Thin 

Slight 

t 

cle<Kifs 

•• 

Nar. 

Thin 

Mo<l. 

J 

i 

Coronary 

o 

Wide 

Thin 

Extr. 

J 

t 

occlu-^^ion 




No 


Bu5y coat is designated by capital letter. 
Plasma, 1, c, j, t. 


Cellular morphologj' 

Round, regular cells; no change 
at 24 hours 

Bizarre cells and much dfbris; at 
24 hours many long, pale cells 

Many round cells, tvith little 
knobs; at 24 hours many long, 
pale cells 

A. few ghost cells; at 24 hours 
many round cells but no long, 
pale cells 

Knobby cells; at 24 hours several 
loag, pale cells and also clumps 
of round cells 


Pla-sma designated by small letter. Explant, L, C, J. 


Observations. First Series. The varying patterns produced in leu- 
kocj'te cultures by an interchange of plasmas are illustrated in photo- 
micrographs i to 5 of the migrating cells at the peripherj' of the areola. 
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Figure 1, 7, shows the tissue culture pattern produced by the leuko- 
cytes, cultured in their own plasma, from an individual with piilmonary 
tuberculosis. Figure 1, 2 and 3 , illustrates the effects of two different 
plasmas upon these same leukocytes. An occasional elongated cell 
may be seen in Figure 1, 2 , whereas, in 3 , the vast majority of cells 
are elongated and bizarre in shape. Figure 1, 4? depicts the culture 
pattern of a patient with coronary disease. The typical knobby cells 
found in such cultures may be seen in the right hand corners. Fig- 
ure 1, 5 and 6 , illustrates the effects of two different plasmas upon 
this case. Very little change can be noted in 5 , but in 6 marked 
clumping of small round cells appears. The buffy coat of an indi- 
vidual with peptic ulcer is shown in Figure 2, 7 . Figure 2, 8 and 9 , 
shows the modification of this pattern by homogenous plasmas. It 
would seem, from the foregoing observations, that the plasma medium 
was the dominant factor in these reactions. In contradistinction, 
however, Figure 1, 3 and 6 , and Figure 2, 9 , dispute this conclusion. 
All 3 cell samples, originating from different human subjects, were 
planted in the same alien plasma medium. Comparison of the bizarre, 
elongated cells of Figure 1, 3 (and to a lesser extent, of Figure 2, 9 ) 
with the clumped, sharply outlined, small, round cells of Figure 1, 6 , 
indicates that the leukocytes also express themselves vigorously as 
determining factors in the reactions. 

Tj^es and variations in cell plasma crosses are revealed in Tables 1 
to 4. In certain instances cellular morphology appeared to be greatly 
influenced by plasma change (see Table 1). This table presents 3 indi- 
viduals whose buffy coats were each grovm in autogenous and homo- 
genous plasmas, but the effect on cell morphologj’- by alien plasma is 
notable. 

On the other hand. Table 2 demonstrates the influence of foreign 
plasma upon areola size with no changes in cell morphology. Each 
of the 2 buffy coats, when cultured in their respective plasmas, devel- 
oped narrow areolas. However, when the leukocjdes from an individ- 
ual with infectious mononucleosis were incubated in the leukemic 
plasma a very wide and very thick areola was produced. It is further 
demonstrated by this table that reciprocal action in a given pair does 
not necessarily occur. Thus, when one buffy coat of a pair is crossed 
with the other’s plasma, there may often be no effect whatsoever. In 
such a case the culture pattern remains as it originally formed in its 
own plasma. It does not follow, however, that the buffy coat of the 
second partner will, when crossed with the first partner’s plasma, take 
on the characteristics of the other’s pattern. In still another instance 
of cell plasma cross (Table 3) no modification in areola size or cellular 
morphology* was observed. 

It appears from this first experiment that almost any areola size, 
and any pattern of cell form and conduct may result from crossing 
cells and plasmas, and that there is adequate evidence that the cells 
contribute to the pattern quite as much as the plasma. 

Second Series. The effects of one person’s plasma upon the buffy 
coats of 42 different individuals were studied in the second part of the 
investigation. 




Fig. 1. — i. White blood cells and plasma from S, an indiiddual iWth pulmonarj’ 
tuberculosis. 2. ^Wiite blood cells, S, in plasma, r, from an individual -ndth myocardial 
infarction. S, White blood cells, S, in plasma, t, from an indiiddual who had had polio- 
myelitis. This plasma was used in several instances (see 6, 9, 11). 4, White blood cells 
and plasma from R, an individual with myocardial infarction. Tj^pical knobby cells 
are seen, one at upper right and the other at the low’er left. 4 A, Another case of coronary 
occlusion showing the knobby cells to good advantage, o. White blood cells from R, 
in plasma, s, from an individual with pulmonary tuberculosis. 0, White blood cells, R, 
in plasma, t, from an individual who had had poliomyelitis. (Magnification, in general, 
X 480.) 
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Fig. 2.-7, White blood cells and plasma from Oo, an indi\'idual with peptic ulcer. 
S, White blood colls, O, in plasma, r, from an indiindual with myocardial infarction. 
This plasma was also used in 2 and 8. 9, White blood cells. O, in plasma, t. 10, White 
blood cells and plasma from an individual -with rheumatic fever. 11, White blood cells, 
same as 10, in plasma, t. Note the clumping mentioned on page 744. (Magnification in 
general, X 480.) 
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Explants from each case were prepared and incubated under stan- 
dardized conditions in their own and in the test plasma from an indi- 
vidual who had .been the subject of infantile paralysis. Great varia- 
tions occurred throughout this series. Of tlie 42 buffy coat cultures 
studied, 13 were not affected, 19 were slightly modified, and 10 were 
greatly changed. In some instances areola size was markedly influ- 
enced,^ in others cell morphology was altered, and in some samples 
clumping occurred which resembled red cell agglutination. In this 
connection it might be noted .that Carrefi described similar clumping 
appearance in cliicken monocytes in pathologic plasma. This phe- 
nomenon naay be seen in Figure 2, 11. Figure 2, 10, shows the same 
buffy coat in autogenous plasma. At present there is no evidence to 
explain these white cell clumping reactions or to determine whether 
the alien plasma or cells contribute most emphatically to the phenome- 
non. As Figure 2, 11, demonstrates, it bears a close resemblance to 
erjdhrocyte agglutination. In both experiments, however, no correla- 
tion between the isoagglutinins of the plasmas and the buffy coat 
cultures was found. 

Discussion. The foregoing paragraphs have described 2 experiments 
to investigate the role played by the cells and plasma in buffy coat 
cultures of leukocytes: the first, to explore crosses between cells and 
plasma of different human subjects; the second, to demonstrate the 
effects of one person’s plasma upon the cells of many individuals. 
Crosses of cells and plasmas between 2 or more persons may result in 
variations from each one’s basic cell plasma culture pattern, and the 
degree of these changes may extend from nothing (Fig. 1, 4 and 6) to 
one of extreme diversity (Fig. 1, 1 and S). From the observations 
here reported we believe that the plasma is not the soje determinant 
of any given cell culture pattern. A significant part in the complex 
biologic reactions which produce the various cultures must also be 
attributed to the leukocytes. At present the relative importance of 
the two factors is not known. But, if the cells do contribute positively 
to the combined reaction, with plasma from whatever source, thej'- can 
only do so because of some inherent factor or factors which they bring 
to the combination. In our original paper- reporting on tissue cultures 
of tbe buffy coat of bloods taken from patients whose constitutional 
tjTies contributed to their development of certain illnesses, it was 
stated: . . in each areola the individual cells may display 

characters of size, form and behavior quite as specific as those which 
stamp the individual as a whole.” On this basis fui'ther observations 
have made it possible to recognize witlx increasing frequency and to 
allocate to its proper source the buffy coat culture presented for diag- 
nosis. Variations in correctness may be explained partly by Loeb’s 
demonstration that not all tissues of an individual ediibit the same 
specificity, and partly by the fact that cell response in tissue cimure 
is usually less violent than in direct tissue to tissue transplants. How- 
ever, since the leukocytes are especially active in immunity reactions, 
it might be expected that they would exhibit a high degree of tissue 
specificity and sensitiveness to changes in their accustomed media. 
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If, then, independent specificity exists in each cell, the latter’s 
capacity either to be modified or to be resistant to an alien plasma 
expresses that individual identity. To anyone who views these cells 
in the living state, there can be no doubt that the leukocytes from each 
individual behave in a distinctive way. 

Summary. 1. In a first series, the leukocyte buffy coat frofn each of 
127 patients was grown in both autogenous and homogenous plasma 
samples. The crosses were made at random in pairs, threes, and fours. 

2. In this series (No. 1) variations occurred which ran from no 
apparent change to extensive modifications of areola size and cell 
behavior. 

3. A second series of buffy coats were treated similarly except that 
the homogenous plasma for 42 cultures came from 1 individual. This 
person sustained an attack of infantile paralysis 16 years previously. 

4. In this second series the variations caused by the single homo- 
genous plasma were as striking as those observed in the first series. 
As this single plasma did not produce similar effects on all the 42 buffy 
coats, it was concluded that the plasma medium could not be held 
solely responsible for the ultimate configuration of the explants. 
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CHORIOCARCINOMA OF THE TESTICLE 
By A. J. Gill, M.D. 

G. T. Caldbtell, hl.D. 

AND 

J. L. Goforth, M.D. 

DALLAS, TEXAS 

(From the Department of Pathology, Southwestern Medical College, and the Pathology 
Laboratory of St. Paul’s Hospital) 

During the past 18 months we have encountered 3 new cases of 
cfioriocarcinoma of the testicle. In our experience, these tumors in 
the male have been considerably more frequent than the correspond- 
ing tumor in tlie female. During the course of study of this group of 
relatively rare tumors, we have made several deductions that seem 
to us to merit brief discussion. 

It is generally agreed by most observers tliat choriocarcinomas of 
the testicle are histologically identical wMi the analogous tumors in 
the female. It is furthermore agreed that they are almost always 
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associated with teratomas of the testicle. This feature of appearance 
of choriocarcinomas with well differentiated teratomatous tissue is 
well illustrated in two of our cases. 



Fig. 1. — Case G4103, Area of choriocarcinoma of testicle with predominance of 

Langhans cells. 



Fig. 2. — Case 56065. Section of the testicular tumor with Langhans and syncytial 
elements about evenly divided. 

Case Abstracts. Case 1. (No. 50702.) White male, age 55. Knotra 
duration of testicular swelling was 3 weeks, during which time there was 
sUght tenderness and rapid increase in size of the mass. No history of trauma 
or anomalous development was obtained. The mass measured 6x5x4 cm. 
Ten days after orchidectomy a test for urinary gonadotropins was strongly 
positive. The patient expired 3 months foUondng operation with clinical 
evidence of extensive pulmonary metastases. 
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Several poorly circumscribed hemorrhagic areas 2 to 3 cm_. in diameter 
were seen on section through the region of the epididymis. Microscopically, 
the entire tumor, except for masses of typical choriocarcinoma, was obscured 
by hemorrhage and necrosis. 



Case 2. (No. G4103.) _ l^lrite male, age 21. The patient noticed a small 
firm nodule in his left testicle. Two weeks later, the testicle, epididjunis and 
enveloping membranes together with a section of the vas were removed. 
Abovit 10 days postoperatively, a test for urinarj'^ gonadotropins was negative. 
No historj' of genital anomalj’’ was obtained. At this writing, about 18 months 
after operation, he is said to be in excellent health. 


and numerous blood spaces are well illustrated. 
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A few small irregular hemorrhagic and cystic areas were noted in the region 
of the epididyms on ^oss section. MicroscopicaUy, epithelium-lined cystic 
spaces ana well-formed gland structures are numerous. Much of the chorio- 
carcmomatous portion is hemorrhagic and necrotic. 

Case 3. (No. 56065.)^ l^ite male, age 30. This patient experienced a 
^adual enlargement of his right testicle for 8 to 10 months. On examination 
there was a testicular mass measuring 6 x 3 x 3.6 cm., and a hydrocele. No 
history of trauma or congenital anomaly was recorded. A test for urinary 
gonadotropins was not done and a follow-up report after 12 months is not 
available. 

The gross specimen revealed the usual hemorrhagic and spongy appearance 
and firmer islets of what appeared to be cartilage. Sections showed a complex 
mixture of epithelium of various types and arrangements and several islands 
of cartilage in addition to the trophoblastic elements. 

Added to the undeniable histologic similarity of these tumors to the 
choriocarcinoma of the female there is a functional similarity, in that 
substances responsible for the positive Aschheim-Zondek test are 
present in large amounts in the urine of males with this lesion. Hinman 
and Powell,® Freed and Coppock^ and others have observed that the 
hormones from placental tissues may be similar functionally to some 
of those found in the urine in cases of testicular tumor. 

Histogenesis of this tumor has occasioned much speculation in the 
past. Steinert^® suggests that the teratomas arise from fetal blasto- 
meres or from a fertilized polar body capable of reproducing all fetal 
layers. Our conception of the blastomere is that any cell of the sub- 
division of the fertilized ovum up tlirough the morula stage of develop- 
ment and before the blastula stage may be so designated. 

Ross^^ observed, in abdominal metastases, what she described as 
origin of syncytium and Langhans cells from small cubical darklj'- 
staining cells w^hich also gave rise to carcinomatous tissue, and were 
found in blood-vessels, Ijonphatics, and peripheral sinuses of lymph 
nodes. She concludes that "formation of chorioepithelioma testis is 
the expression of a process of specific partial differentiation of these 
pluripotential cells.” According to this author the choriocarcino- 
matous tissue arises by the metamorphosis of undifferentiated cells 
which also give rise to teratomatous structures. She felt that in the 
case reported by her it w^as not necessary to presuppose even the 
presence of fetal ectoderm. 

Frank® suggests that metaplasia of any primitive ectodermal tissue 
might be responsible for choriocarcinoma. He believed, however, 
that reported presence of other teratomatous elements in metastases 
was serious argument against this. Cooke* stated that in the cases 
reported up until the time of his article, 3 had shown structures other 
than choriocarcinoma in metastases, although these other structurp 
did not show malignant characteristics. This is difficult to explain 
by any hj^othesis. Cooke suggests that a derivative from a germinal 
blastomere normally present in the testicle may form a teratomatous 
tmnor containing elements of fetal membranes. ... , , . 

If one accepts the histologic and functional similarity of chorio- 
carcinoma of the testicle and its analogue in the female, and since it 
appears probable that choriocarcinoma of the testicle is always asso- 
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dated with teratoma, one might then assiune that histogenesis in the 
male and in the female is the same. It seems probable that the only 
explanation lies in the assumption that these tumors of the testicle 
arise from a pluripotential cell with potential capacity similar to 
ovum and that the origin of choriocarcinoma from fetal ectoderm is 
not different from the origin of the same tumor in the female. That 
the germ, be it called blastomere, or simple multipotential cell, from 
which these tumors develop has potentialities similar to the fertilized 
ovmn, seems evident because of the occurrence of easily recognized 
elements of two or more germ layers rather regularly in the primary 
tumors. It is probable that the multipotential cell from which these 
tumors are derived, is one that is normally present in the testicle. 
Since there are cells normal to the testicle which appear to fulfill all 
the criteria required, we believe that the idea of “inclusion” of blast- 
omeres can be deprecated and support offered for another more gen- 
erally accepted hypothesis, similar to that noted by Ewing,® Adams^ 
and others, who- have indicated spermatogenic cells as the probable 
origin of teratomatous tumors of testicle. In our opinion, it is entirely 
reasonable to accept the spermatogonium, the ancestor of the mature 
sperm in adult testicle, as the multipotential cell capable of giving 
rise to this group of tumors. It does not seem that there could be 
any insurmountable objection to the view that the spermatogonium 
has within itself the capacity to produce many structures since its 
descendants contribute much to the complete individual in the process 
of fertilization of another multipotential cell, the o\nnn. 

Several unanswered questions arise, however, before the opinion 
is fully acceptable. One of these is the question: why does one never 
see a benign proliferation of trophoblastic tissues in the testicle? One 
also wonders why chorionic villi or benign hydatidiform mole is not 
observed in testicular tumors. In regard to this last question Kerwin® 
noted (without reference) that certain unsubstantiated cases of hyatid 
mole may have occiured. 

The question of why choriocarcinoma of tlie ovary is rarely seen in 
association with teratoma of the ovary is also a troublesome one, 
Bettinger® has collected 4 cases, Seigmund'^ reported 1, and a few 
others have been noted. One case, described by Risel,^° was at first 
considered a primary choriocarcinoma of the ovary but was finally 
thought to be secondary to a tiny healed lesion in the fundus of the 
uterus. That hormone influence may have some effect in chorio- 
carcinoma testis is indicated by age incidence. As Cooke‘‘ has men- 
tioned in his review of 47 cases, no choriocarcinoma was observed 
before puberty or after sexual activity had ceased. Steinert also 
notes the occurrence during sexual maturity. This suggests the pos- 
sibility that some hormone stimulus may operate or that the cells of 
origin concerned may tend to proliferate normally with puberty and 
perhaps atrophy in senile individuals. 

Because of the extremely high levels of hormone production and 
the expectation that the trophoblastic tissues elaborate hormones, it 
is easy to accept this acti\’ity of choriocarcinoma as a real and direct 
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function of the tunior. One is soon faced, however, with the necessity 
of explaining the increased levels of similar hormones produced by 
individuals with testicular tumors of types other than choriocarcino- 
mas. One of the best established of the explanations for this phenom- 
enon had been the assumption that most, if not all, of the testicular 
tumors were ultimately derived by differentiation from teratomas and 
that certain elements had so overgrown and displaced the teratomatous 
portion that tissues of the original teratoma were difficult to find by 
sectioning. The implication is that even well differentiated teratomas 
may elaborate hormones. We do not know of any evidence that 
teratomas in other parts of the body elaborate hormones, except in a 
rare case where specific endocrine tissues such as adrenal may be 
present. We wish to support a possible alternative hypothesis that 
the presence of a lesion of the testicle, even an adult teratoma, may 
depress testicular function and stimulate excretion of gonadotropic 
(pituitary) hormones in low titers, which are entirely different from 
chorionic gonadotropins. In short, it may well be that with the 
exception of the choriocarcinoma, none of the other testicular tumors, 
except possibly the very rare Leydig cell tumor, specifically elaborate 
any hormone whatsoever, and that appearance of various hormones 
in urine is the result of systemically deranged endocrine balance and/or 
the presence in the tumor of small amounts of hormone producing 
tissue which may not be discovered in routine study. A not dissimilar 
suggestion was expressed by Ross, who noted that a positive Aschheim- 
Zondek test was possible in tumors other than choriocarcinoma and 
made the further observation that male breast activity (presumably 
another evidence of hormone action) may occur with atrophy of testicle, 
melanoma of skin, and other tumors. As Twombly^^ pointed out, in 
his experience the chorionic gonadotropin occurs onb^ when active 
tumor is present, although the castrate type of gonadotropin may 
exist long after a clinical cure of the tumor. He also notes that he 
considers the appearance of chorionic gonadotropin in seminomas as a 
further proof of the teratoid nature of this tumor and suggests that 
this hormone may be produced by tissue which he calls embryonal 
adenocarcinoma. Adams’’ actually demonstrated small amounts of 
what he believed. might be trophoblastic tissue in several testicular 
tumors other than choriocarcinoma. He felt that presence of tropho- 
blastic tissues in varjdng amounts might account for excretion of 
gonadotropic hormone in tumors which may appear to be different, 
but which probably have a common origin. 

The chorionic gonadotropin which appears to be the type hormone 
elaborated by the tumor itself in choriocarcinoma probably should 
induce atrophy of the testicle because of the high concentration 
present and atrophy is sometimes mentioned in patients with chorio- 
carcinomas as well as others of the testicular tumors. Added evidence 
of endocrine dysfunction such as gjmecomastia is often seen in victims 
of choriocarcinoma. Twombly has raised the question of whether 
or not there may be some shift in hormone balance which precedes 
rather than follows and may contribute to the development of testicular 
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tumors. Deranged testicular function, even prior to the begmning 
of malignant testicular tumors could stimulate the production of 
pituitary gonadotropin. This suggestion might explain occurrence of 
pituitary gonadotropic hormones in some tumors where trophoblastic 

tissues are not thought to occur. , 

Conclusions. After histologic study of 3 recent cases of chorio- 
carcinoma of the testicle and consideration of part of the extensive 
literature on the subject, we think that there can be little doubt that 
these tumors arise from primitive cells which have essentially the same 
capacity as the developing ovum and that the malignant tropho- 
blastic elements of these tumors are derived from ectoderm in the same 
way as the comparable tissue in ordinary pregnancy. It seems to us 
that the cells from which these tumors arise are multipotential sex 
cells normally present in the adult testicle. These cells are probably 
spermatogonia. 

The differentiated elements of the teratoma in testicular tumors are 
probably not responsible for any hormone production which may be 
observed, and it is unlikely that any of the testicular tumors with the 
exception of the choriocarcinoma elaborate any hormone of them- 
selves. In our opinion the finding of gonadotropic hormones in these 
otlier tumors suggests either undisclosed trophoblastic tissue or a 
systemic endocrine dysfunction which, as Twombly mentions, may 
have preceded the occurrence of the tumor. 
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HYDROMETROCOLPOS IN INFANCY — A CAUSE OF URINARY 
RETENTION, INTESTINAL OBSTRUCTION AND EDEMA 
OF THE LOWER EXTREMITIES " 


By Paul Morris, M.D. 

PHIIiADELPHtA, J^ENNSTLVANIA.* 


(From the Pediatric Sendee, Mount Sinai Hospital) 

ABDOmsAi, tumors in female infants are not everyday occurrences 

mstir? but when one meets with a huge cys* 

mass wluch can be cured by a simple surgical procedure after drfnite 
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diagnostic measures have been employed, and without laparotomy, 
0116 should be prepared for such a situation. If the condition is undiag- 
nosed or misunderstood, laparotomy, with its attendant dangers in a 
yoimg infant, may be unnecessarily employed. 

Hydrometrocolpos in infancy was described in 1904 by Commandeur^ 
who reported 1 case of his own and reviewed the literature in which 
9 other cases were reported. The American literature, however, re- 
mained silent and such recent pediatric works as Brennemann’s “Prac- 
tice of Pediatrics , ”2 Schauffler’s “Pediatric Gynecology,”^ and Griffith 
and MitchelPs “Textbook of Pediatrics,”* fail to mention the occur- 
rence of such a complication of a closed vagina before the onset of 
menstruation. It is briefly discussed in “Therapeutics of Infancy and 
Childhood”® as producing tremendous cystic tumors and is included 
in the bibliography of the article on Malformations of the Female 
Genital Organs in Holt’s “Diseases of Infancy and Childhood.”® 

In 1940, Mahoney and Chamberlin^ of Boston thoroughly described 
the combination of factors leading to such abdominal masses. They 
reviewed the literature and reported 3 cases of their own and 1 described 
to them by Dr. Camille Keresztufi of New York, One of their patients 
had other congenital deformities incompatible with life, another was 
misdiagnosed and resulted in a panhysterectomy, and a third was 
diagnosed correctly with the aid of injection of 20 cc. of diodrast fol- 
lowed by Eoentgen ray studies. A cystogram showed a bladder com- 
pressed from above and behind and pushed forward. This child, 2 days 
after birth, presented a large, tense, round, lower abdominal tumor, 
reaching to above the umbilicus. A bulge at the vagina was thought 
to be a rectocele but later was shown to be the protruding cyst wall 
which bulged further when the baby cried. The hymen was not found, 
but a probe could be passed around the bulge to a depth of only 1 cm. 
The patient was cured by incision of the membrane with drainage of 
several ounces of turbid fluid. The examining finger could easily be 
inserted full length into the vagina but the markedly dilated wall con- 
tracted and gamed tone almost immediately. The post-operative 
course was uneventful. 

Kereszturi’s patient was a 2 month old girl with diarrhea of 6 weeks’ 
duration and a bout of urinary retention a week before admission to 
the hospital, July 8, 1937. On admission, after a day of fever, the 
temperature was 104° (R) and there was a cystic mass extending 
from the pubis to the umbilicus. A smooth mass protruded between 
the labia. There was urinary tract infection, and an intravenous 
urogram showed marked dilatation of the ureters and hydronephrosis. 
After 1 week, an exploratory laparotomy revealed a cystic mass behind 
the bladder, pushing the bladder and uterus upward. Pressure on tlie 
uterus caused the labial membrane to bulge. This membrane was 
incised and 2 ounces of milky fluid were released. The pelvic mass 
disappeared, the urinary tract became normal, and the patient was 
discharged well on August 26th, 7 weeks after admission. Kereszturi 
reported this case separately® and it appeared in print before the report 
of Mahoney and Chamberlin. 
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Because of these reports, Rosenblatt and Woo ley were enabled to 
treat a case successfully, and they described the details m a brief case 
report in Annals of Surgery in 1943.® Their patient had a markedly 
dilated bladder which could be emptied by catheterization. The entire 
situation was cured by mere incision of the bulging vaginal membrane 
after Roentgen ray demonstration of the nature of the mass, iollowing 
withdrawal of some of the fluid and injection of diodrast into the 

In addition to these reports of cases in infancy,- there are 2 recent 
reports in the literature of similar cases in young girls just before the 
onset of the first menstruation. In Bowen’s case,^® a 12 year old 
“identical” twin whose twin sister had an open hymen was found 
to have an imperforate hymen and a symmetrical mass extending 
from the; pelvis to the umbilicus. Rectally, a smooth walled cyst was 
felt in the midline. There was a pink spherical protrusion between the 
labia. The urine was normal, IVBC 10,000, polys 80%. An incision 
into the hymen brought, instead of the expected blood, about 2 quarts 
of milky chyle-like fluid. The first menstruation appeared 5 months 
later, almost 3 months after the normal twin had first menstruated. 
This case brings up the question of whether or not some of the cases 
of hematocolpos with imperforate hymen might not be similar cases 
of hjdrocolpos later made bloody by the first few menstrual bleedings. 
Tompkins reviewed 113 cases of imperforate hymen with hematocolpos 
in the literature and added 5 of his own^^ though Kereszturi found 
only a few to mention in her report. These cases are undoubtedly 
much commoner than those with non-bloody fluid, and one wonders 
why the latter are not oftener encountered. The otlier case of hydro- 
metrocolpos in a premenstrual ghl appeared in the German literature 
in 1941.^2 A 14 year old girl complained of abdominal pain a,nd back- 
ache of 6 weeks’ duration. The abdomen had become larger in the 
preceding 3 weeks. The hymen was imperforate. It was punctured 
and 50 cc. of cloudy “serous” fluid were withdrawn. A laparotomy 
was then performed and 2200 cc. of the same t}q>e of fluid were obtained 
by puncture of a large cyst-like structure which arose from the pelvis. 
Both fluids proved sterile when cultured and no acid-fast organisms 
grew out on the special culture. The fluid contained a moderate num- 
ber of leukocytes but no epithelial cells. In spite of hormone therapy, 
the patient continued amenorrheic after operation although she was 
well otherwise. 

Hydrometrocolpos has also been reported in a woman of 72 years 
with vaginal stenosis.^® The presenting symptoms were inability to 
void and intestinal obstruction. The cause was undetermined after 
careful study of sections of the removed uterus and vagina, but “senile 
vaginitis” was offered as a possible etiology of the vaginal obstructions 

i his tendency of the greatly distended vagina to displace the bladder 
upwards and to cause urinary obstruction is well illustrated bv our 
own case. ^ 
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course of a day in which only 2 slightly wet diapers followed 
alter the baby awoke in the morning with a dry diaper. During the preceding 
6 weeks, the mother had noted considerable straining as if the infant were 
t^mg to expel a stool at each feeding and that the stools had become ribbon- 
in form. The day before, a few blood flecks had appeared in the stool. 
JMany changes of formula had been ordered by the attending physician in 
order to relieve the difficulty. Two physicians saw the patient during the dai^ 
urinary output. The first ascribed her trouble to constipation 
and the second suspected intussusception because of the presence of a mass 
m the lower abdomen and the blood flecks in the stool. 

When the infant was first seen by the author, there was obvious pitting 
edema of both lower extremities, ■which were purplish in color. This edema 
and discoloration extended upwards over the lower abdomen about half way 
to the umbilicus. There sas a large cystic mass extending upwards from the 
pubis and apparently slightly more towards the right side and reaching to 
2 cm. above the umbilicus. In addition, there was a peculiar bulge at the 
mlva, cystic in appearance, pointing anteriorly, somewhat resembling a 
rectocele with distended •viscus pushing into it. There was no visible uretffial 
meatus but catheterization was attempted in order to rule out a distended 
bladder as the cause of the abdominal “tumor”. A small metal catheter was 
inserted blindly anterior to the ■vulvar bulge and it entered the urethra easity. 
A_ small spurt of clear urine appeared but no more could be obtained even 
with pressure on the abdominal mass. Rectal palpation revealed a bulging 
cystic mass anterior to the rectum. In ■view of the seemingly empty bladder, 
the abdominal mass was thought to be a cyst or a bladder diverticulum. The 
swelling and discoloration of the skin of the lower abdomen and lower extremi- 
ties were interpreted as being due to pressure by the mass on the pelvic veins. 
It was felt that needle puncture of the ^'ulvar bulge was somewhat risky 
because there seemed to be a hollow "viscus behind it. 

Hospitalization and laparotomy seemed to be the most conservative meas- 
ures. The surgical consultant agreed that an abdominal exploration was 
indicated and he promptly performed a laparotomy under open ether anes- 
thesia. In spite of the failure of catheterization to obtain more than a few cc. 
of urine, the large mass proved to be urinary bladder, tremendous^'- distended. 

A catheter was again inserted into the urethra and no urine flowed until 
very great direct pressure was exerted on the distended bladder. TlTien the 
bladder was partly emptied, a second mass appeared behind it. This was 
recognized as distended uterus and vagina and then onb’^ was the true nature 
of the difficulty recognized. Pressure on this mass, which was only about 5 cm. 
in diameter, caused an increased tension in the ■vulvar bulge which was then 
incised externaUj^ A considerable amount (not measured) of a thin, slightlj' 
milky fluid escaped, and the mass collapsed, allowing easy emptying of the 
rest of the urine from the bladder. The fluid contained some white blood cells 
but the culture was sterile. Urine obtained the daj' after operation contained 
no leukocytes and only an occasional EEC. The baby survived the operation 
and was doing well until the operative wound disrupted a week later. The 
e^viscerated intestine was replaced with difficulty. A fecal fistula later developed 
and death followed an operation to relieve an apparent obstruction 34 days 

after the first operation, . . i j 

Supportive therapy included many intravenous injections of plasma_ ana 
blood. Sulfadiazine was followed by a morbilliform eruption, but sulfasuxidine 
was well tolerated wffien it was used after the development of the fecal fistula. 

Comment, While this case can be listed as an operative mortality, 
it can safely be said that “error in judgment” played a The 

laparotomy could have been avoided if the failure of the bladder to 
empty when catheterized had not thrown evei^mne off the proper 
diagnostic track. This very fact prompted publication of this paper 
in an effort to acquaint a wider group of physicians with a condition 
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which has been generally neglected by the text books on pediatrics 
and gynecology. Mahoney and Chamberlin'^ go into some detail in 
attempting to explain the development of the type of fluid P^sent 
in these cases. It is their feeling, backed by some embryologic data 
that there is present an imperforate vagina similar to an imperforate 
rectum or anus, entirely apart from and above the hymen. One ot 
their cases and that reported by Cranwell,^ were autopsied and showed 
the atresia to be above the normal location of the hynien. Bonnet s 
case^^ also had a normal hymen with a vaginal occlusive membrane 
above. CranwelP^ quotes Pazzi as saying that the true pathology in 
most cases where a thin membrane closes the vagina is not imperforate 
hjonen but failure of perforation of the vagina. 

During the first 2 weeks of life, there is marked activity of the 
cervical glands and the vaginal epithelium resembles the adult type, 
due to circulating estrogen derived from the mother.^^ Mong with 
these changes, one occasionally finds slight vaginal bleeding in the 
newborn and, rather regularly, enlargement of the breasts. However, 
the cervical glands become less active and the vaginal epithelium 
becomes less keratinized after 2 weeks of age. Thus, there would have 
to be abnormal activity of the cervical or uterine glands to produce 
so large an amount of fluid as is found in the older children with hydro- 
raetrocolpos. Possibly, the two factors must be present together to 
produce the condition we are discussing— both obstruction of the vagi- 
nal orifice and an unusually large amount of circulating estrogenic 
hormones. It would be interesting to note if these patients presented 
unusual breast enlargement after birth. 

The Italian literature^® contains references to the experimental 
production of hydrometra in animals. The fluid in some of the cases 
in infants has been reported to contain “glucose.”^ Although Dobszay^^ 
reported finding no glycogen in the vaginal epithelium of children and 
older infants, it is regularly present in that of adults. 

Summary and Conclusions. The literature relating to hydrometro- 
colpos is reviewed and a new case is reported. This case presents a 
new feature, viz., edema and cyanosis of the lower extremities due to 
pressure on the pelvic vessels. 

There is evidence that imperforate hymen is not the cause of the 
\aginal closure in these cases, but that failure of perforation of the 
vagina due to arrested embryologic development, such as one finds in 
imperforate anus, occurs. The peculiar direction of the vaginal bulge 
in this case supports such a probabilit 3 ^ ' 

The condition is recognized in the newborn if the vagina and uterus 
are sufficiency distended to cause pressure on the bladder and urinary 
retention. Otherwise the condition might not be recognized until 
3ust before the menarche when there wmuld again be increased activity 
or tlie cervical and uterine glands. ^ 

The large accumulations of bloody material in some cases ot hemato- 

t™ periods of abdominal cramps might 
mSual Uoodta"s“® Wrometrocolpos into uhich the first 
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Patients with hydrometroeolpos should not be subjected to lapar- 
otomy, as sunple incision of the vaginal membrane entirely relieves 
the condition. Preliminary aspiration by needle of some of the cyst 
fluid and injection into the cyst of 20 cc. of diodrast followed by AP 
and lateral Roentgen ray views (as suggested by Mahoney and Cham- 
berlin) will clearly establish the diagnosis in doubtful cases. 
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THE USE OF PENICILLINASE IN CULTURES OF BODY FLUIDS 
OBTAINED FROM PATIENTS UNDER TREATMENT 
WITH PENICILLIN* 

By Harry F. Dowmng, M.D. 

ANI> 

Harold L. Hirsh, M.D. 

WASHINGTON, D. C. 

{From the George Washington Medical Division, Gallinger Municipal Hospital, and the 
Department of Medicine, George Washington University School of Medicine) 

Since Abraham and Chain^ first prepared from Escherichia coli a 
substance which inhibited the action of penicillin on bacteria and 
which they named penicillinase, many other observers have obtained 
substances with similar properties from various organisms.^-'*'’'-’* It 
has been suggested that penicillinase might be used in culture media 
when cultures are obtained from a patient under treatment witli 
penicillin. If sulficient penicillinase were present in the culture medium 
to inhibit the action of the penicillin contained in the patient’s body 
fluids, then any organisms present should grow without interference. 

With this purpose in mind, we investigated the effect of ordinary 
blood culture medium upon penicillinase.! We found that, when 

* Miss Ruth Mayer and Miss C. Barbara O’Neil rendered technical a^iatanco. 

t Penicillinase was supplied by Dr. Harold J. White of the American Cyanamid Co., 
and by Dr. Charles E. Dutchess of Schenley Laboratories, Inc. 
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penicillinase was added to veal-infusion brotli, and kept ^^^lAator 
room, or refrigerator temperature, the penicillinase did not dimini n 
in potency over the course of 4 weeks. Further studies showed that 
penicillinase, in the concentrations necessary to ii^ibit the action ot 
the penicillin present in body fluids, did not m itself interfere with the 

growth of bacteria. ^ , • -n- 

Our next problem was to find the relative rate at which penicillin 

loses its potency when incubated in broth, alone and with penicillinase. 
In order to determine this, we added penicillin, in sufficient quantity 
to make a concentration of 1.25 units per cc., to a flask containing 
40 cc. of veal-infusion broth, such as we use routinely for taking blood 


RATE OF DESTRUCTION OF PENICILLIN 
BY VARYING CONCENTRATIONS OF PENICILLINASE 

IN BLOOD CULTURE MEDIUM 



cultures. This was incubated for 24 hours, along with other flasks 
containing the same ingredients plus varying amounts of penicillinase. 
Samples from each flask were removed at frequent intervals and their 
penicillin content determined immediately by the method of Rammel- 
kainp.® Figure 1 shows the result obtained in a typical experiment. 
Ill tlie flask containing no penicillinase, there was only slight diminu- 
tion in the concentration of the penicillin over the course of 24 hours 
wliile in tlie flask containing 0.01 cc. of penicillinase per unit of penicil- 
lin, no penicil m was detectable after 15 minutes of incubation, when 
he first sample was token. When only 0.0001 cc. of penicillinase was 
used per unit of penicilhn, penicillin could still be detected for the first 
0 hours, in gradually decreasing concentrations, but not after that time. 
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From this and similar experiments we found that penicillin m cul- 
ture medium, unaccompanied by penicillinase, remained active tor 
24 hours or longer, and thus inhibited growth of sensitive bacteria 
during that time. When a sufficient amount of penicil mase was 
added, it inactivated a therapeutic concentration of penicillin witbin 
15 minutes or less. Insufficient quantities of penicillinase produced 
no inactivation of penicillin at all, while intermediate amounts of 
penicillinase produced partial inactivation at ffist, followed by com- 
plete inactivation after variable lengths of time. 

We have used penicillinase in veal-infusion broth for culturing body 
fluids from patients receiving penicillin for various diseases. In each 
instance a parallel culture was made, using the same medium without 
penicillinase. In Table 1 are shown the results obtained in 26 patients 
whose cultures were positive before penicillin therapy was begun. 
Among the 186 cultures taken on these patients while penicillin was 
being administered, tlie results of tire cultures taken with penicillinase 
confirmed the results obtained in those taken without penicillinase in 
149 instances (80%). In 19 of these there was growth in both media, 
and in 130 there was no growth in either. This large number of nega- 
tive cultures is accounted for by the fact that we continued to take 
parallel cultures, with and without penicillinase, on several patients 
long after all clinical evidence of infection had subsided. 

In 36 (20%) of the cultures obtained, growth was poor or absent 
in the medium which lacked penicillinase, while organisms grew well 
in the parallel culture containing penicillinase. In 14 instances growth 
was excellent in the penicillinase medium and absent in the other, 
while in 22 instances growth was excellent in the penicillinase medium 
and inhibited in the medium lacking penicillinase. This “inhibition” 
of growth by the penicillin present in the body fluid was manifested 
in one of two ways: first, by a slowing of growth so that organisms 
could not be detected until 48 or 72 hours had elapsed, instead of 
within 24 hours, as had been true before penicillin was administered; 
or, secondly, by the fact that the bacteria grew sparsely in the fluid 
medium and not at all when transplanted to blood agar plates. 

In only one instance was grow'th absent in the medium containing 
penicillinase and present, although the organisms grew sparsely, in 
the penicillinase-absent medium. 

If these results are applied to the number of patients examined 
rather than to the number of individual cultures taken, the effect of 
penicillinase is even more striking. There were 26 patients in the 
group. In 14 (54%) of these, the cultures taken with penicillinase 
confarmed those taken without penicillinase in every instance. In 
the case of 8 patients (31 %), one or more cultures taken with penicil- 
linase were positive, wdiile cultures taken at the same time without 
penicillinase were negative. Cultures taken on 4 patients (15%) 

ttortSn f containing penicHlinase, while 

de?ajed gr^tSi. penicillinase showed sparse or 

Thus in 46% of the patients on whom cultures were taken, the 
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presence of penicillinase in the medium gave information which was 
not obtainable or which was delayed or doubtful when the culture was 
taken without the benefit of penicillinase. Usually, the cultures in 
which a discrepancy was observed between those taken with and those 
taken without penicillinase, were the first ones obtained after penicillin 
therapy was started. We were able to culture the blood from 4 patients 
with endocarditis and from 1 patient with bacteremia at frequent 
intervals after therapy with penicillin was begun. Cultures were taken 
every hour for 6 hours, then at 12 and 24 hours and twice daily for 
several days therafter. The results are shown in Table 2, 

Table 2, — Time Required by Penicillin Administered Therapeutically to 
Inhibit or Prevent the Growth op Bacteria in the Blood in Relation to 
THE Presence or Absence of Penicillinase in the Culture Medium 

Time after beginning of penicillin treatment 
before the penicillin 


Completely prevented 
Inhibited growth growth 


Patient 

Disease 

Etiologic 

In medium 

not In medium 

containing containing 
penicillinase penicillinase 

In medium 

not In medium 

containing containing 
penicillinase penicillinnsr 

organism 

(hr.s.) 

(hrs.) 

(lira.) 

(bm.) 

R. L. 

Endocarditis 

Strep, viridans 

1 

3 

9 

9 

S.T. 

Endocarditis 

Strep, viridans 

1 

4 

4 

5 

L.P. 

Endocarditis 

Strep, viridans 

6 

30 

J2 

54 

J. P. 

Endocarditis 

S. albus 


1 

I 

* 

S. T. 

Bacteremia 

S. aureus 

1 

4 

5 

90 


* Not prevented. Growth was complete in each of 6 cultures taken hourly. Patient 
died 3 hours later. 


In 3 patients with Streptococczis mridans endocarditis, the cultures 
taken 9, 5 and 54 hours, respectively, after the initiation of penicillin 
treatment were the first ones to show no growth in the penicillinase- 
containing medium. In the parallel set of cultures taken without 
penicillinase, the penicillin present inhibited the bacteria in such a 
way that the first negative cultures were obtained at 9, 4 and 12 hours, 
respectively. Likewise, inhibition of growth was apparent sooner in 
the cultures taken without penicillinase than in the ones containing 
penicillinase. All 3 of these patients have made what appears to be a 
clinical recovery from their endocarditis as a result of penicillin 
treatment. 

In the case of the patient with Siaphjlococms albus endocarditis, 
there was no growth in the plain blood culture, but the organisms grew 
profusely in all of the cultures containing penicillinase, which were 
taken hourly for 6 hours. Further cultures could not be obtained, as 
the patient died a short time thereafter. 

In the case of the patient with S. aureus bacteremia (following an 
operation for fusion of vertebrie), grovdh was inhibited within 4 hours 
and completely prevented within 96 hours after the initiation of treat- 
ment. In the parallel cultures without penicillinase, these phenomena 
took place in the cultures obtained 1 and 6 hours, respectively, after 
penicillin therapy was begun. This patient recovered from his staphy- 
lococcic infection. 
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It is evident that -when penicillin is effective against the organism 
causing endocarditis or bacteremia, the drug clears the blood stream 
within a few hours to a few days, and that the rate at which the blood 
is cleared of bacteria cannot be determined correctly unless penicillinase 
is used in the culture medium. . 

Cultures were taken on patients 'with empyema, meningitis and 
pneumonia at intervals of 24 to 48 hours after the beginning of penicil- 
lin treatment. In the 2 cases of pneurnococcic empyema in which 
cultures of the chest fluid remained positive after the beginning of 
penicillin treatment, pneumococci were grown from the fluid taken as 
late as 24 and 72 hours, respectively, after penicillin therapy had been 
started, while no positive cultures were obtained in the media lacking 

penicillinase. ^ ... , ' , 

Two patients with pneurnococcic meningitis continued to show 
positive cerebrospinal fluid cultures after the beginning of penicillin 
therapy, in one case for 2 days and in the other for 3 days after treat- 
ment had been started. The organisms were cultivated only in the 
medium containing penicillinase, the cultures in the medium without 
penicillinase being consistently negative after penicillin was admin- 
istered. 


Discussion. When patients are under treatment with the sulfon- 
amides, it has long been the common practice to include para-amino- 
benzoic acid in the medium used for obtaining cultures from their 
body fluids. It seems likely that a substance which acts similarly 
to inliibit penicillin should serve the same purpose when cultures are 
taken from patients receiving that antibiotic. Numerous investigators 
liave shown that penicillinase possesses such an action, and Harper^ 
has used it successfully in culturing surface wounds while they were 
being treated with local applications of penicillin. We have found 
that penicillinase can be used to inhibit the action of penicillin in 
liquid media, and that this method sometimes results in obtaining a 
positive culture of blood or other body fluid from a patient, imder 
treatment with penicillin while the cultiues taken at the same time 
without the use of penicillinase showed no growth, or delayed or 
inhibited growth. 


In a number of cultures the organisms did not grow, regardless of 
whether penicillinase was used. This was undoubtedly due to the 
rapidity with which therapeutic doses of penicillin cleared the blood 
.stream and body fluids of susceptible bacteria. In 3 cases of Sirepto- 
coccm liridans endocarditis, for instance, the blood was apparently 
free of organisms in from 5 to 54 hours after penicillin treatment was 
started. The important consideration is that one cannot be sure that 
a particular bod5’' fluid has been rendered bacteria-free unless penicil- 
hnase is used in the culture medium. We feel, therefore, that it is 
desirable to use it routinely when cultures are to be taken from patients 
receiving penicillin. 

McQuarrie and Liebmann® have devised a method of measuring 
penicillinase m units. One unit is “that amount of enzjune which! 
}u 11 ml. of pH solution containing 50 Oxford units of penicillin 
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will destroy in 1 hour at 37° C. an amount of penicillin equal to 57.5% 
of the penicillin recovered in the control."’ Recently we have used 
penicillinase standardized by this method. We recommend that 1 unit 
of penicillinase be added for each cc. of blood or other body fluid 
which is to be cultured, except in the case of urine, where 100 units of 
penicillinase should be used for each cc. of urine. 

Summary and Conclusions. 1. Penicillinase does not lose its ability 
to neutralize penicillin when both substances are added to veal- 
infusion broth and kept at incubator, room or refrigerator temperature 
for 4 weeks. In the concentrations in which it is used for this purpose, 
penicillinase has no inhibitory effect upon the growth of bacteria. 

2. Among 26 patients from whom parallel cultures were taken, with 
and without penicillinase, the presence of penicillinase in the culture 
medium gave information in 12 patients which was not obtainable or 
which was delayed or doubtful when the culture was taken without 
benefit of penicillinase. 

3. Among 186 specimens of bod.y fluids obtained from patients 
under treatment with penicillin, cultured in parallel with and without 
penicillinase in the culture medium, 36 (20%) showed better growth 
in the medium containing penicillinase. 

4. It is recommended that penicillinase be used routinel}’’ in cultures 
of body fluids obtained from patients under treatment with penicillin. 
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INCroENCE OF RESPIRATORY INFECTIONS FOLLOWING ATTACK 
BY PRIMARY ATYPICAL PNEUMONIA IS UNCHANGED 


By Paul A. Lembcke 

INSTRUCTOR IN EPIDEMIOLOGY, PUBLIC HEALTH AND MEDICINE, AND DISTRICT 
STATE HEALTH OFFICER 
AND 

Lawrence E. Young 

INSTRUCTOR. IN MEDICINE 
ROCHESTER, NEW YORK. 


(From the Department of Medicine of the University of R^hester School of Medicine 
and Dentistry and the New York State Department of Health, and the Medical 
Clinic of the Strong Memorial and Rochester Municipal Hospitals) 


During August and September 1942, a sudden outbreak of primap' 
atypical pneumonia was experienced by tbe students and staff of the 
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University of Bochester Scliool of Medicine and Dentistry and the 
Long Memorial Hospital. The clinical and epidemiologic features 
of thS sharply circumscribed epidemic have been presented in a 

^^At tL^ime of the institutional outbreak, a number of cases were 
also observed in the community at large, and cases of ^'tpjical^neu- 
monia were reported at a fairly steady rate durmg the fall and wmter 


In February 1944, an official of the Bochester Board of Educa,tion 
offered the opinion that persons who had atypical pneumonia in 1942 
seemed to be relatively free of respiratory iidections during the winter 
of 1943-1944. This official was in a position to observe accurately 
the state of health of a large number of individuals, and the suggestion 
that immimity to other respiratory infections might be produced by 
the agent of atypical pneumonia was therefore given serious con- 
sideration. This observation seemed especially significant in view of 
the fact that the city had just experienced a large epidemic of influ- 


enza A. 

It occurred to the authors that if the opinion of the official of the 
Board of Education could be substantiated by controlled study, and 
if the etiologic agent of atypical pneumonia could be isolated and 
propagated, this agent might prove to be an effective antigen for 
immunization against certain common respiratory infections. This 
line of thought was in keeping with the suggestion of Kneeland and 
Smetana^ that atypical pneumonia might actually increase host 
resistance to bacterial infection. Furthermore, the remote possibility 
of immunization against at least one other virus by inoculation of the 
agent (probably a virus) of atypical pneumonia was indirectly sup- 
ported by the protection against smallpox afforded by the virus of 
vaccinia. 


The object of this paper is to report the incidence of various types 
of respiratory illnesses among persons who have had atypical pneu- 
monia as compared with those of similar habitat who have not had this 
disease. 


Method oi Study. On May 24, 1944, questionnaires were mailed to 150 
persons, all of whom were current or former members of the institutional 
persomel. Rephes were received from 114 of these individuals including 9 
who had moved to other cities for hospital training or had entered mifitary 
service. Questionnaires were returned by 33 of the 40 persons who had 
atypical pneumoma during the August-September outbreak in 1942 and whose 
illnesses were described in a previous report.* In addition, replies were 
obtained fnm 6 indmduals who had atypical pneumonia subsequent to 
September 30 1942 The remaining 75 questionnaires from the control group 
were retted by those whose names had been selected at random from an 
alihiabetical hst pubhshed m the annual buUetin of the institution 

A, S', 2 hospitalized, during 

August or September 1942, and if so, he was asked to state the nature of thii 

oSet ^«\^sked to give the approximate dates of 

1 Q 4 ^ ^ the ffiUowmg illnpes he had had subsequent to September 30, 

1942. coirmion cold, sore throat or tonsillitis, bronchitis, influent bacterial 
pneumonia and atj^ical pneumonia. ^uenza, oactenaj 

All persons questioned were famihar with medical terminology, and in spite 
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of the fact that the questionnaire strained their memories, it is believed that 
the replies were as rehable as could be obtained from any group. Special care 
was taken not to disclose the purpose of the investigation until it was completed. 

Results, All individuals included in the study were placed in 1 of 
4 groups as indicated in Table 1. Tabulation of the number and 
types of illnesses experienced by the members of each group between 
Sept. 30, 1942, and May 24, 1944, makes it apparent that those who 
had primary atypical pneumonia did not acquire any immunity against 
other varieties of respiratory infection. It should be pointed out, 
however, that none of the persons who had atypical pneumonia 
suffered recurrences of this disease, and none of the 75 persons who 
were free of respiratory infection in August and September 1942 devel- 
oped atypical pneumonia during the period of study. 

The average number of illnesses per person year is essentially the 
same for all of the groups. The slightly higher figures for Group C 
are not significant because of the small number of persons (9) included 
in this group. As expected, the common cold was the most frequently 
occurring respiratory infection, and the average person, regardless of 
group, reported approximately 2 respiratory illnesses per year. It is 
also of interest that 317 (77%) of the total of 413 infections tabulated 
began during the 10 cold months, November 1942 to March 1943 and 
November 1943 to March 1944, while only 96 (23%) occurred during 
the 10 warmer months included in the study. 

Summary. 1. The incidence of respiratory illnesses during a period 
of 20 months following anToutbreak of primary atypical pneumonia 
was found to^^be the same^among 39 persons who had had this disease 
as among. 75,persons who_^had not experienced this type of infection. 

2, It is concluded that primary atypical pneumonia neither confers 
immunity against nor predisposes to the subsequent development of 
other common types of respiratory illness. 
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* Wo are indebted to 1st Lt. Emili’’ M. Oi-iv W A n i i., 

hematologio studies. valuable assistance in the 

VOL. 210, NO. 6 — DECEMBER, 1P45 


28 



766 VAJTOEEMEEB, LETIEBLOH, PILOT: INFECTIOUS MONONUCLEOSIS 

fold: (1) to analyze the clinical pictine, ^vhich is similar to that of 
many other infectious diseases, and (2) to raise the question as to the 
presence of a subclinical form of this disease, the diagnosis of which 
depends solely upon laboratory evidence. 

“Drusenfieber” was the name given by Pfeiffer^® in 1889 to the 
syndrome of enlarged cervical glands, fever, enlargement of the liver 
and spleen, occurring in children. Filatow,® a Moscow pediatrician, 
had described a similar condition in 1885 but had attached no name 
to it. Pfeiffer’s terminology was translated as “glandular fever” and 
was so described by Williams®^ in 1897. In the 3rd edition of Osier’s 
“Textbook of Medicine,”^® published in 1897, this description was 
repeated. In the following years the disease was frequently confused 
with leukemia, causing much surprise because ail patients recovered. 
In an excellent review SmealP® relates that Professor Hall^® in 1914 
presented such a case before the Royal Society of Medicine, and Osier, 
who was president of the Society, related another case which had 
caused him considerable embarrassment by recovering completely. 
Several others reported similar experiences. In 1920 the disease 
entered its hematologic period. Sprunt and Evans®® published a paper 
on “hlononuclear Leukocytosis in Reaction to Acute Infection.” 
They used the term “infectious mononucleosis” and emphasized the 
pathologic lymphoid cells characteristic of the disease. Longcope'^ in 
1922 suggested that glandular fever and infectious mononucleosis were 
synonymous. Since then this concept has gradually been accepted 
among American writers. 

Paul and BunnelP® in 1932 added an important discovery showing 
that in cases of infectious mononucleosis the blood serum contained 
an increased concentration of antibodies against sheep erythrocytes. 
Later refinements were made by Forssman, Bailey and Raffel,^ and 
Barret. It -was found that serum sickness would give a low positive 
titer which could be differentiated by special absorption tests using 
guinea pig kidney and ox blood. The clinical picture bad also become 
better described by this time. A great variety of findings were 
reported besides those originally accepted by Pfeiffer. Central ner- 
vous system phenomena, skin manifestations and even jaundice were 
found to occur. Some investigators attempted to classify their cases 
into “types,” designating them by their main presenting complaint. 
Tidy®^ in 1934 distinguished three main types: glandular, anginose and 
febrile. At a later date others were added, and SokaP^ in 1943 de- 
scribed the foUovdng five types: glandular, abdominal, respiratory, 
meningeal and asjunptomatic. Therefore, over a period of 50 years 
the concept of acute infectious mononucleosis has become gradually 
more varied but more inclusive and better understood. 

The etiology of this disease is not definitely known, hlurray, Webb 
and Swann^' in 1926 isolated Baderkm moiwcytogenes, belonging to the 
group of Listerella, from spinal fluid of patients. This organism upon 
injection into rabbits produced a generalized infection associated with 
an increased number of typical mononuclear cells. In 1929 NyfeldP® 
reported the isolation of an organism which she called Bacterinm mono- 
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' cytogenes lioTninis ■wtich also produced a characteristic blood picture 
upon injection in rabbits. In 1939 the same investigator isolated an 
organism of the Listerella group by blood culture in 5 cases of the 
disease.2^ McKinlay^® found that repeated blood cultures from 50 dif- 
ferent cases of infectious mononucleosis were all negative emulsions 
of fresh glandular substances made during the acute stages and injected 
into monkeys were without effect. However, Wising, repeating the 
same experiment, produced mild clinical symptoms consisting of Ijan- 
phadenitis and an increase in the mononuclear cells in the blood. 
VandenBergheandLiessens^s in 1939 were even more successful and 
produced a positive heterophil titer in a Macacus monkey injected 
with emulsions of biopsied glands. 

This disease is rarely if ever fatal. Because of this fact the histo- 
pathologic picture is confined to biopsy of glands. Gall and Stout® 
did a study on 10 lymph nodes. They state that there is a specific 
pathologic picture characterized by; (1) marked proliferative activity 
of the pulp; (2) focal proliferative activity of clasmatocytes; (3) the 
presence of large numbers of specific infectious mononucleosis cells. 

Sprunt and Evans reported definite lymphoid hjT^^plasia. Pratt®® 
reported a reticulo-endothelial type of hyperplasia. Another investi- 
gator, Erf,® examined scrapings of the inguinal lymph nodes with the 
supravital staining method. This study showed small transparent 
spheres or cysts containing a light yellow colored fluid with actively 
motile brownish black granules. The granules were comma-shaped, 
L-shaped or irregular shaped and numbered up to 15 to each cyst. 
The cyst remained intact for a considerable length of time and could 
be distinguished long after the lymphocytes and the reticulum cells of 
the lymph nodes had disintegrated. These bodies were alcohol-soluble 
and for that reason could not be stained in paraflBn-embedded blocks. 

This disease, though infectious in nature, is believed to be only 
mildly contagious. Sporadic cases are the usual manifestation. Minor 
epidemics and small outbreaks have frequently been reported among 
university students and military personnel. Terflinger®® in 1908 
reported a small epidemic among adults. The next year Bums^ 
reported an epidemic in a children’s ward. Burnford® in 1918 reported 
an epidemic among soldiers. In 1930 there were 87 cases in the 
Falkland Islands. A recent outbreak occurred in 1942 in E. M. S, 
Hospital in- Scotland where it became apparent that the infection was 
widespread in the surrounding district, Steigman®® reported 20 cases 
from tlie American Bed Cross Harvard Field Hospital Unit in 1942. 
Many other epidemics have been reported. 

Observations. Over a short period of about 5 months the authors 
observed a relatively large number of cases of infectious mononucleosis. 
During the early part of the outbreak there appeared several typical 
cases which fuMled the usually accepted criteria for diagnosis. Later 
the .manifestations of the disease became more varied. In an attempt 
to limit our report to bona fide cases and yet to give an inclusive survey 
of the entire situation, we have classified the cases into four main 
groups (see Table 1), 
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Table 1. — Data on 356 Cases op Infectious Mononucleosis 


Group Total 

I . . .18 

II . . . 8 

III . . . 13 

IV . . .327 


HeteropWl 
. agglutination 

Typical titer above the Clinical picture 
mononucleosis accepted normal diagnostic of 
cells present 1;S6 the disease 


+ + + 

+ 0 + 

+ + 0 

+ 00 


Group I. Typical cases (18). ' TJie patients in this group presented 
a positive clinical picture, showed the presence in the blood smear of 
the t^ical mononucleosis cells and had an elevated heterophil agglu- 
tination titer above 1:56. 

Group IL Questionable cases (8). The patients in this group pre- 
sented a diagnostic clinical picture, varied as it might be, also had the 
typical mononucleosis cells present, but did not at any time during 
our observation show an elevated heterophil titer. 

Group III. Subclinical cases (13). The patients in this group 
presented no clinical findings and had no history of any acute disease 
in the preceding 6 months which could have been interpreted as infec- 
tious mononucleosis, but typical mononucleosis cells were present and 
the heterophil agglutination titer .was distinctly elevated. These 
cases were designated as “subclinical cases with positive laboratory 
evidence.” 

Group IV. Seronegative subclinical cases (327). The patients in 
this group presented no clinical findings and gave no history of any 
illness in the preceding 6 months which could be interpreted as infec- 
tious mononucleosis. The heterophil agglutination titer at the time of 
investigation was negative but all patients showed a large number of 
cells resembling those of infectious mononucleosis. These cases were 
designated as “seronegative” and are highly questionable subclinical 
cases with only partially positive laboratory, evidence. 

Analysis of Clinical Manifestations in Groups I and TL. jFrequently the 
main presenting complaint of an individual case has been used to 
designate that case as belonging to a certain type. In our observations, 
most cases seemed to belong to more than one tjqie and it was difficult 
to determine which was the chief complaint or the most characteristic 
finding. 

In an attempt to classify our series, we listed 16 of the glandular 
type, 5 of the respiratory^ type in which cough and nasal discharge were 
prominent, 3 of the meningeal type in which headache was so marked 
that a diagnostic spinal tap was done to rule out meningitis, and 2 of 
the abdominal type where pain in the abdomen was the main complaint. 
In an analysis of symptoms the order of frequency of some of the clinical 
manifestations was determined. Table 2 shows this in detail. ^ 

1. Exantliem. Eight of our cases showed a very definite skin rash. 
Two of these were practically' indistinguishable from the ty'pical rash 
seen in measles. A third appeared more like the usual manifestation 
in early' scarlet fever. The skin manifestations of this disease have 
been described by' several authors, including Templeton,®^ Tidy,*^ and 
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as a maculopapular eruption, dark red or light pink m color 
and varying in size from discrete pin-point to large reddish brown 
purpuric areas. Other authors mention the rash as being vesicular 
and even urticarial-like lesions have been reported. Sadusk reported 
confusing the skin lesions of this disease with those of German measles. 
Templeton also states that 12 of the 17 cases seen by him were prac- 
tically indistinguishable from German measles. 

Table 2.— Summahy of Clinical Manifestations in Theik Order of Frequency 


A. Those occurring in more than 50% of the cases; 


1. Malaise 

2. Adenopathy, cervical 18 

3. Temperature above 102° 18 

4. WBC above 11,000 18 

5. Generalized aching 16 

6. Headache 15 

7. Spiking temperature curve 14 


88 

69 

69 

69 

61 

57 

53 


B. Those occurring in less than 50% of the cases: 


1. Adenopathy, generalized 

13 

50 

2. Palpable spleen . 

9 

35 

3. Cough 

9 

35 

4. Rash 

8 

30 

5. Chills 

7 

27 

6. Photophobia .... 

7 

27 

7. Vomiting 

5 

15 

8. Nausea 

5 

15 

9. Abdominal pain . 

2 

7 


The incidence of the skin manifestations seems to vary a great deal 
with individual outbreaks. In one group only 5% of the patients 
developed a rash, whereas Templeton at the University of California 
reported that of a total of 91 cases, 18% of them developed a rash. 
Sometimes antipjTetics, barbiturates had been used during the treat- 
ment and therefore the question of possible drug eruption confused 
the picture. We encountered no drug eruptions as far as we could 
determine. 

2. Fever. Twelve cases showed a spiking type of septic temperature 
with peaks reaching as high as 105. daily. The spiking type of cmve 
was the most characteristic finding of the temperature. Total days 
of temperature over 99.2° varied from 1 day to 14 and appeared to 
have no bearing on the height of the titer or blood count manifesta- 
tions. In a few cases the temperature seemed to subside by crisis. 
Chills were rare. 


3. Adenopathy. Whereas adenopathy, especially in the cervical 
rcgion, was one of the early criteria for the disease, we found 7 cases 
m this series of 26 which showed no adenopathy, either cervical 
axillary or inguinal, at any time. 


4. Sore Throat and Organisms. Most of our patients complained of 
sore throat and showed marked injection and hyperemia of the naso- 
phaiamx. A few showed a whitish gray exudate covering the tonsUs. 
throat cultures were obtained and direct smears were made All cul- 
tures were negative for the hemolytic streptococcus and only 2 cases 
showed the presence of fusiform bacilli and spirilla. This is in contrast 
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to a report by York and Eckley^® who described an epidemic occurring 
at Cornell University in 1936 consisting of 24 cases, in which there was 
a high incidence of hemols^tic streptococcus in the throats of both well 
and ill students. More than 50% of the students routinely observed 
by the health survey at that time showed a positive culture for hemo- 
Ij^tic streptococcus. 

5. Malaise. During the acute episode malaise was usually a minor 
sjnnptom. The patients felt surprisingly well even at times when their 
temperature was above 101°. 

6. Palpable Spleen. In 8 cases the spleen was palpated. This was 
always one of the later developments during the course of the disease. 
We never found it before the 10th day; consequently it was no aid in 
early diagnosis. 

7. Central Nervmis System Involvement. Severe persistent headache 
occurred in several cases. No true neck rigidity existed and reflexes 
remained normal. At times the disease suggested meningitis and on 
several occasions a spinal tap was performed. Only 2 cases had abnor- 
mal findings. One of these showed 12 cells, 6 lymphocytes and 6 neu- 
trophils, and a positive Tandy test. The other showed 12 cells, all 
l 3 nnphoc 3 fl;es, and a negative Tandy. There were no residual findings 
and the sjnnptomatolog}’' consisted of headache and moderate drow- 
siness. 

Several cases of acute infectious mononucleosis with central nervous 
system involvement have been reported. In 1931 Epstein and Dame- 
shek® reported 1 case showing 35 monoc 3 ’’tes present in the spinal fluid 
and having a palpable spleen, generalized adenopathy and a typical 
blood picture. The significance of the heterophil agglutination test 
had not yet been discovered at that date. Johansen^^ reported another 
case which showed 16 monocytes in the spinal fluid with marked 
neck rigidity, awkv'ard speech, impaired memory, and headache of 
2 weeks duration. In 1938 Tietzonka^^ presented 3 cases having nuchal 
rigidity, severe headache, injected tonsils, sore throat, an enlarged 
spleen, a heterophil agglutination titer up to 1 : 64, and 29 monocytes 
present in the spinal fluid. Schmidt and Njdeldt^® in 1938 reported 
5 cases which showed up to 26 monocytes and as high as 115 Ijnnpho- 
cj4es present in the spinal fluid but wdth few meningeal or cerebral 
sjonptoms. Thelander and Shaw’® in 1941 reported 6 cases of infec- 
tious mononucleosis with marked sjrmptoms of cerebrospinal involve- 
ment. One case showed a spinal fluid cell coimt of 630 with 70% 
h’mphocj’tes. 

Landes, Reich and Terlow^® in 1941 reported a new aspect of the 
disease. The cerebral involvement was -very extensive and the clinical 
picture was that of an acute ataxia with marked involvement of the 
cerebellar system. The protein in the spinal fluid was increased to 
170 mg. per 100 cc. but the cell count remained below 9 Ijonphocytes. 
The heterophil agglutination titer -was 1:1024. The overall picture in 
this case was that of an encephalitis. Zohman and Silverman'*” in 
1940 described.a case^associated with evidence of diffuse lower motor 
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neuxon disease. The patient had complete flaccid paralysis.of all four 
extremities. There were noted fibrillary twitchings of ms right arm, 
no sensory disturbances, no atrophy; however, all deep reflexes were 

abolished. 

8. Abdominal Pain. The outstanding sjmiptom occurrmg m a 
27 year old woman was generalized abdominal pain which persisted 
for 2 days. There was no localized tenderness or muscle spasm. The 
temperature ranged up to 102°. Nausea and vomiting were her only 
other complaints. On the 5th day the heterophil titer was elevated 
up to 1 :896. Her convalescence was rapid and she was discharged on 
the 15th day. Sokal refers to this syndrome as the “ abdominal type.” 

9. Cough. Seven of our cases complained of a persistent, racking, 
non-productive cough, somewhat similar to the cough noted in measles. 
Chest examination was essentially negative except for occasional 
moist rales in bases. This sjnnptom usually disappeared within 6 days. 

10. Vomiting. Vomiting was noted in only 2 cases. It was not in 
any way significant except that it occurred in the one case where abdom- 
inal pain was the main symptom and in the other with severe headache 
tending to confuse the diagnosis. 

11. Leukocyte Count. Early in the disease, a marked leukocytosis 
may occur as high as 35,000 with an increase in the neutrophils in most 
cases. This is usually followed by leukopenia and an associated rise 
in the total lymphocyte count. The typical mononucleosis cells were 
often not present imtil the total Ijonphocyte count had increased. We 
are unable to confirm the statement that the degree of leukopenia was 
related to the height of the titer. 

12. Kahn Test. In this entire group there was not a single positive 
reaction to the Kahn test. This differs from many other reports. 

13. Epidemiology. Among the 26 cases described in Groups I and 
II, there were only 3 cases with proved contact, 2 nurses and a labora- 
torj’' worker. The great majority of Groups III and IV, consisting of 
340 cases, came from one unit where contact in barracks may be pre- 
sumed to have been close. 

14. " Type.” Even though it is difficult to classify the patient who 
has 4 or 5 complaints into any one type, a superficial grouping was 
made. We included respiratory, glandular, abdominal and meningeal 
types.^ We believe the listing is of some value inasmuch as it stresses 
the diversity of the clinical sj^ptoms of this disease and helps to 
suggest the diagnosis in cases in which it would otherwise never be 
considered. 

Discupion of Groups in and IV. Early during the outbreak of this 
disease it was observed that a large number of patients in the hospital 
mth no complaints relative to this disease, had typical mononucleosis 
cells. For a time these were disregarded as insignificant. However, 
later the consistency of the findings became disturbing and it was 
decided that some attempt at evaluation and explanation of the pres- 
ence of these cells should be made. 

It had been observed that several of our clinical cases came from 
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one particular unit. This unit consisted of 600 men engaged in combat 
training and in apparent excellent health. Blood smears were obtained 
from 522 men and 217 (41%) revealed the presence of occasional 
abnormal cells resembling typical mononucleosis cells. About 47% 
of 101 cases of this group showed over 5% of these cells present in the 
differential count. An attempt was made to do heterophil titer deter- 
minations on this entire group. Only 74 were obtained and these 
showed the following results: 

Table 3. — Incidence of Cases Accobdino to Titeb 


Titer 

No. 

cases 

Negative . 

. . . 14 

1:7 .... 

. . . 9 

l:14 . . . . 

... 19 

1:28 .... 

. . . 19 

1:56 .... 

... 5 

1:112 .... 

. . . 5 

I:224 .... 

... 3 


The final results showed the presence of 13 cases with typical cells 
and a titer above 1 : 56. These represent the Group III cases. None 
of them gave a history of illness during the preceding 6 months which 
could be interpreted as being infectious mononucleosis. 

Group W consists of 314 cases which had only the typical cells with- 
out elevated heterophil agglutinations and without clinical findings or 
a past history of illness suggestive of this disease. It is composed of 
1 10 hospital patients admitted for other complaints and 204 cases from 
the unit survey. A percentage cell count showed that 226 had less 
than 5% typical cells present and that 88 varied from 5 to 20%. 
This group consists of the highly questionable cases in which the 
diagnosis rests entirely on the blood findings. Similar groups have 
been reported. The most carefully described is that of Reyersbach 
and Lenert^s who, in 1941, studied 16 cases which had no symptoms 
and no physical findings of any kind and in which the Paul-Bunnell 
test was uniformly negative. The epidemic occurred in a convalescent 
home for children with rheumatic fever where leuliocyte counts were 
done at regular intervals as a part of the medical routine, also tempera- 
tures and pulse rates were taken 3 times daily. In general, the 
jiatients were under close medical observation so that no marked 
sNTuptomatology could have escaped notice. We were not able to do 
as thorough a check-up in our cases. A few of this group may have 
had minor symptoms which were not reported to their dispensaries 
and for which tliey were not hospitalized. 

As the only criterion of this large group was the presence of the 
characteristic infectious mononucleosis cell, our attention was focussed 
on its morphology. The various descriptions present in the literature 
were carefully reviewed and it was decided that from its appearance 
the cell could be divided into stages of development. The young cell 
resembles a normal small IjTnphocj-te except that the small rim of 
cytoplasm stains a deep and characteristic blue color. The next stage 
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is a larger cell with an oval or kidney-shaped nucleus and a moderate 
amount of cytoplasm that stains a homogenous deep blue color. Ihe 
third stage presents the most easily recognized appearance. Ihe cell 
is large and the cytoplasm is generous and fragile and tends to spread 
irregularly on the differential smear. The deep blue cytoplasm is 
most intense in the periphery and fades toward the nucleus. Wher- 
ever the cytoplasm is traumatized in making the smear there tends to 
be produced a triangular wedge of denser accumulation of deep blue 
stain. The nucleus is large and may be round, kidney-shaped, or 
irregularly lobulated and the cliromatin is distributed in a lace-like 
pattern that is unlike lymphocytes or monocytes. 

Several authors have suggested that these abnormal cells without 
the confirmation of an elevated heterophil titer should be regarded as 
an “ irritation” form of Ijunphocytes which are liberated into the blood 
stream as a response to a variety of foreign proteins. Warren®® states 
that a study of blood smears from a variety of cases, including upper 
respiratory infections, sinusitis and others showed characteristic mono- 
nucleosis cells from 1 to 10% in a differential count. Similar observa- 
tions have been made by Baldridge,® Downey,® Stuart and Cunning- 
ham.®® However, 204 cases in our group were in excellent health and 
the other 110 had no illness in which a foreign protein reaetion could 
be suspected. It is also significant that this group of cases was found 
at the same time that the clinical cases were most frequent. The 
correct evaluation of the hematologic findings is as yet not completed. 

Treatment. The treatment of this disease has been mainly sympto- 
matic. Analgesics and antipjoretics are useful as measures to make 
the patient more comfortable. Hot irrigations in cases of sore throat 
have been found beneficial. Sulfonamide therapy has been recom- 
mended, however, when this was used in our series it proved ineffective. 
Penicillin was used in 3 cases without beneficial results. Convalescent 
serum has been highly recommended by some authors but it was not 
used in this series. Three cases with marked throat ulcerations ^vere 
treated with repeated small doses of mapharsen. Two of these 
responded verj’- dramatically, but the third showed negligible results. 
Bismuth salts intramuscularly have been advocated®^ but were not used 
in this series. The disease appears to be self-limited, usually present- 
ing no longer than 10 days of acute illness, and for that reason too 
vigorous therapy seems inadvisable. 

Conclusions. 1. The outstanding feature of this disease is its protean 
manifestations which may mimic many other diseases, such as measles, 
German measles, scarlet fever, meningitis and pneumonia. 

2. Early in the disease the laboratory' findings are inconclusive and 
the diagnosis must be made by exclusion. A spiking fever, an ex- 
anthem, a non-productive cough, headache, and marked leukocytosis 
proved to be the most common early findings. 

3. IMarked leukocytosis up to 30,000 with a higli percentage of 
neutrophils occurred in many cases early in tlie course of the disease. 
This was usually followed by a leukopenia with an increase in the 
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absolute lymphocyte count. The typical mononucleosis cells were 
present in greatest number when the leukopenia was well established. 

4. There appears to be no correlation between the clinical severity 
of the disease and the height of the titer or the percentage of the 
mononucleosis cells present. 

5. We have no explanation for the large number of subclinical 
cases which were "seronegative” and which showed only the presence 
of mononucleosis cells in the blood smear. There is no question that 
these cells were as typical as any described in the literature. Whether 
or not their presence is pathognomonic or whether there is such a thing 
as “irritation phenomena” remains to be answered. 
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in any 1 patient at this time was 4 mg. per 100 cc. The concentration 
of free drug showed little further change and at the end of 4 hours 
the average concentration was 2.8 mg. per 100 cc., the highest average 
level observed. Average levels above 2 mg. per 100 cc. were main- 
tained for 8 hours. In similar experiments with sulfathiazole, higher 
average concentrations prevailed during the first 8 hours following 
administration of the drug, while at 24 hours comparable levels were 
observed. An average of 30% of the drug was present in the acetylated 
form in these patients throughout the 24 hour period. 

Excretion of sulfathiazoline in urine (Table 1) was less than that 
of sulfathiazole’^ under comparable conditions, averaging half of the 
administered drug within 24 hours, whereas 60 to 90% of sulfathiazole 
was excreted during this time. Dining the first 24 hours an average of 
31 % of drug found in the urine was present as acetylsulfathiazoline. 

Effect of Continued Administration. Thirty-three adults, suffering 
from pneumococcic pneumonia, were treated with sulfathiazoline. All 
patients were given an initial 3 gm. dose by mouth which was repeated 
in 4 hours, then followed by 1 gm. every 4 hours until the temperature 
remained normal for 48 hours along with evidence of clinical improve- 
ment. The average total dosage of drug was 29 gm. Concentrations 
of free and total sulfathiazoline in blood were determined in samples 
collected each morning during the time of drug therapy. Tlie average 
concentration of free drug was 3.3 mg. per 100 cc., with concentrations 
ranging from 2 to 5.7 mg. per 100 cc. Again, this is only about tliree- 
fifths of the average level attained during sulfathiazole therapy. ' The 
concentration of acetylsulfathiazoline averaged 1.5 mg. per 100 cc., or 
31 % of the total drug present in the blood. 

Toxicity. Of the 33 patients treated with sulfathiazoline, S devel- 
oped untoward reactions attributed to the drug. Vomiting occurred 
in 6 patients, being mild in 3, moderate in 2, and in one instance 
necessitating the discontinuance of the drug. Individual cases of skin 
rash, hematuria, and neutropenia were observed. Crystals containing 
sulfathiazoline were observed frequently in the mine of patients. The 
toxic manifestations of sulfathiazoline appear to be about the same as 
sulfathiazole in the treatment of pneumonia.^ 

Therapeutic Action in Pneumonia. Although the response of the 
group treated with sulfathiazoline was better than that of much larger 
groups when sulfathiazole or sulfadiazine were employed, the patients 
comprising the sulfathiazoline treated group presented mainly moderate 
or mild illness, while those employed for the evaluation of sulfathiazole- 
and sulfadiazine^ included pneumonias of all degrees of severity so 
that direct comparison is misleading. Of far greater significance is 
the observation that 5 patients showing little or no response to sulfa- 
thiazoline, improved promptly following substitution of sulfathiazole 
or sulfadiazine. 

It is om opinion that sulfathiazoline is less efficacious for treatrnent 
of pneumonia than sulfonamides currently in use.® Our observations 
were limited to this disease and do not necessarily provide any indica- 
tion of its effectiveness in other conditions. 
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Summary. 1. Concentrations in blood and excretion in i^ine are 
less following oral administration of sulfatbiazoline in man than with 

sulfatbiazole in equivalent amounts. 

2. The toxic effects observed following sulfatbiazoline are com- 
parable with those encountered following sulfatbiazole in the treatment 

of pneumonia patients. ^ ^ ^ c 

3. Sulfatbiazoline appears to be less satisfactory for treatment of 
pneumococcic pneumonia than sulfatbiazole or sulfadiazine. 
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Thiouracil rather than thiourea has commonly been employed in 
this Conner for the treatment of hyperthjT'oidism, largely because 
thiourea is less effective than thiouracil, gram for gram, in the pro- 
duction of goiters in young rats. A few clinical observations also 
suggested that It might be less effective in the treatment of Mmer- 
thjToidism.i Furthermore, thiourea medication occasionally produced 
a dermatitis and was often associated with an unpleasant odor of the 
tah Unfortunately thioun.cU L ^oveTa loml 

what dangerous drug, since its use over prolonged periods produces 
oxic reactions, especially granulocytopenia, in about 11% of all 
patients treated with it.3.<.e.Liz This fact ha; ledms to rebves? gate 
the clmieal effectiveness and toxicity of thiourea fa smaller doses 4an 
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those previously employed. Contrary to the prevalent impression, 
thiourea in these doses has been found to be a highly effective agent in 
the treatment of most cases of hyperthyroidism. A plan of therapy 
has been evolved using both iodine and thiourea. Some patients also 
receive desiccated thyroid. 

Materials and Methods. Twelve patients with hyperthyroidism,* some hos- 
pitalized and some ainbulatory, were first treated with 5 to 15 drops daily of 
strong solution of iodine, U.S.R (Table 1). After the remission with iodine 
therapy had reached its maximum, thiourea was started in doses varying 
between 0.05 and 0.28 gm. once daily. Two patients for a time received 
larger amounts, up to 0.80 gm. daily, in divided doses. Those patients whose 
level of serum precipitable iodine fell below normal received 0.06 gm. of desic- 
cated thyroid daily as well. In some instances iodine medication was later 
discontinued. Tour other patients with hyperthyroidism received thiourea 
without a preliminary course of iodine administration (Table 2). The diag- 
nosis of hyperthyroidism was based on the usual characteristic clinical features 
of the disease together with an increased concentration of precipitable iodine 
in the serum and, usually, an increased basal metabolic rate.® Various clinical 
types of hyperthyroidism were included. 

Serum precipitable iodine, basal metabolic rate, body weight, pulse rate, 
erythrocyte and leukocyte counts, size of the thyroid gland, and general clinical 
condition were carefufly followed throughout the entire course. In a few 
patients the concentration of thiourea in the ultrafiltrate of serum 12 hours 
after the ingestion of the daily dose was measured.* 

Results. The results in patients treated with iodine, thiourea, and 
desiccated thyroid are presented in Table 1, those in patients treated 
with thiourea alone in Table 2. 

(a) Iodine Administration Ahne. Preliminary iodine medication 
diminished the severity of the hyperthyroidism for a time in most of the 
patients in Table 1, but failed to produce a complete and lasting remis- 
sion. In 2 instances (JH and JO) the disease had become progres- 
sively more severe after the initial remission under long-continued 
iodine therapy. Certain exceptional patients in whom iodine did pro- 
duce a complete and lasting remission were excluded from the group 
selected for thiourea therapy. 

(b) Iodine and Thiourea Therapy. Administration of thiourea as 
wmll as iodine resulted in a complete disappearance of the signs of 
thyroid overactivity and depression of serum precipitable iodine to nor- 
mal or subnormal in 11 out of 12 instances. Even in the 1 partially 
refractory case (JO) 800 mg. of thiourea daily produced a distinct drop 
in the serum precipitable iodine with concomitant clinical improve- 
ment. Three cases responded well to only 100 mg. of thiourea daily. 

(c) Iodine, Thimrea, and Thyroid Therapy. Thiourea medication 
depressed the serum precipitable iodine below 3 gamma % in 4 patients 
(Table 1). Levels as low as this are characteristic of myxedema,** 
and are never found in euthyroid subjects. The basal metabolism 
tended to fall more slowly than the serum precipitable iodine, and so 
was usually normal when the iodine first fell below the normal range. 
These 4 patients were then given daily maintenance doses of 0.06 gm. 
of desiccated thyroid. The concentration of precipitable iodine in 

* We are indebted to Dr. M. Heinemantn for the opportunity to follow 3 of these 
patients. 



Table 1. — Treatment of Htpeethyroidism With Iodine, Thiourea and Thtroid 
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rew. t Auricular fibrillation. 


+44 
+33 
+19 
+11 
+ 9 
+19 
+36 
+ I 
+17 
+10 
+10 
- 0 
+35 
+41 

- 1 
+ 1 
+28 
- 1 
+13 

+85 

+80 

+85 

+84 

+42 

+12 

+13 

-10 

+22 
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9.6 

6.8 

3.0 
10.9 

3.4 

6.2 

48.2 

27.6 

17.2 
14.8 

22.2 

7.7 

7.1 

4.6 
10.2 
14.1 

14.3 
12.5 

6.3 


t Not reported hera 
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serum promptly returned to and was maintained at normal levels. 
In 3 cases (BP, EB, MK) thyroid medication was begun before the 
serum precipitable iodine had declined below normal. 


Table 2. — Tbeatsiekt of Hypekthtboidibm With Thioitkea Alone 
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56.6 
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+ 17 
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61.4 

90 
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♦ During interval ending ivith the time indicated in the same row. 
t Patient stopped thiourea 6 months later: hyperthyroidism promptly recurred, 
t Serum iodin 5.5 and BMR— 17 after 12 weeks of treatment. 


(d) Thiourea Therapy Alone. The data from the 4 cases in Table 2 
indicate that thiourea alone without preliminarj’^ iodine medication 
may also induce a remission in hyperthyroidism, although it was 
incomplete in 1 case (hlW) after 8 weeks. From Table 1 it is clear 
that thiourea alone may under some circumstances maintain a remis- 
sion originally induced by a combination of iodine and thiourea medica- 
tion (hlK), and may even result in a subnormal level of serum pre- 
cipitable iodine (hlS, BG). 

(e) Rate of Response to Thiourea. In view of the variability of 
response from case to case it cannot be determined from the limited 
data in Tables 1 and 2 whether preliminary medication with iodine 
retards or accelerates the response to thiourea. In 2 cases the response 
appeared within 1 to 2 weeks; 1 (Table 1, JH) had been receiving 
iodine for a long time, the other (Table 2, JC) had received none. 
Other cases in both groups only responded after a considerably longer 
interval. 

(/) Toxic Reactions. No change in erythrocyte, leukocyte, or differ- 
ential coimt of the blood and no urinarj^ abnormalities developed in 
any patients. A mild halitosis was common. There were no skin 
eruptions and no febrile reactions. In 1 subject (KM) 0.28 gm. of 
thiourea daily occasionally produced nausea and vomiting after 
6 months of therapy. In another (JO) there was some nausea while 
taking 400 to 800 mg. daily, but no vomiting. No distinct change in 
the size or consistency of the goiter and no change in exophthalmos 
could be detected in any patient. 
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Discussion. Evidently tliiourea in daily doses of 0.100 to 0.280 
can produce a satisfactory sustained-remission in cases of hyperthy- 
roidism which have previously been brought into partial remission by 
iodine medication alone. This fact effectually disposes of any theory 
that previous treatment of the hyperthyroidism with iodine seriously 
interferes with the action of thiourea. Cases with toxic adenoma and 
those with diffuse goiter both respond. On the other hand, it cannot 
be asserted on the basis of the evidence available that there is any true 
synergistic action between the two tj^es of treatment, since thiourea 
alone in the same dosage is at times capable of inducing and maintain- 
ing a remission. Further observations bearing on this question are 
now in progress. 

The frequency with which the serum preeipitable iodine is depressed 
below normal during continued thiourea medication proves that hypo- 
thyroidism is easily produced. Restoration of the serum preeipitable 
iodine to a normal level with a dose of 0.06 gm. of thyroid daily sug- 
gests that the larger doses sometimes advocated^ may be excessive. 
The lag in the fall of the basal metabolism behind that of the serum 
preeipitable iodine indicates that thyroid medication should be insti- 
tuted before the basal metabolism has fallen and clinical myxedema has 
appeared. It might well be sound practice routinely to begin thyroid 
medication as soon as remission of the hyperthjmoidism is well estab- 
lished, and to discontinue it only if signs of toxicity recur. This 
should be especially important if, as seems likely, progression of 
exophthalmos and of the goiter is favored by functional hjq>othy- 
roidism.® 

No conclusive advantages can at present be claimed for the regime 
which is described here over the commoner form of treatment with 


thiouracil alone. On the other hand, it is apparently at least as effec- 
tive in most instances and has the a “priori advantage that toxic reac- 
tions should be minimized by reliance on small doses. It also provides 
a preliminary reduction of glandular hjq»erplasia by iodine medication, 
which should be a distinct advantage should operative intervention 
become desirable. It is as yet too early to estimate the permanency 
of the remission obtained with this regime. 

These observations clearly illustrate the high sensitivity of the 
h;yT)erthjToid human subject to thiourea in comparison with that of the 
normal experimental animal. The effectiveness of these small doses of 
thiourea suggeste the existence of a peculiar sensitivity or aiddity of 
the liyperthj’Toid patient for thiourea, particularly in view of its 
effectiveness in spite^ of the low concentrations of thiourea in serum 
12 hours after the single daily dose (0.4 mg. % or less). Assays of 
relative goitrogenic potency of different therapeutic agents in the 
normal animal yield results which cannot be applied directly to the 
human subject. It may reasonably be considered whether the search 
for goitrogenic substances of higher and higher specific potency is of 
comparable importance to the search for compounds produeme few 
idios^cratic reactions, mether thiourea in smallMosesTs such a 
substance can only be established by extensive clinical triar 
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Conclusions. 1. Small doses of thiourea, 0.10 to 0.28 gm., given once 
daily, usually produce and maintain a satisfactory remission in patients 
with hyperthyroidism previopsly treated with iodine. 

2. The serum precipitable iodine is commonly depressed to myx- 
edematous levels if these doses of thiourea are continued for some 
weeks, even before the basal metabolic rate has fallen to subnormal 
levels. Desiccated thyroid, 0.06 gm. daily, suffices to restore euthy- 
roid concentrations of serum precipitable iodine. 

3. Iodine medication does not inhibit the action of thiourea. Whether 
it delays or whether it accelerates or synergizes the response to thiourea 
is as yet uncertain. 

4. A therapeutic regime for the medical treatment of hyperthyroid- 
ism based on these observations is described. 
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PROTEST. A RECORDED PSYCHIATRIC PROGRAM*! 

By jMajor Albert A. Rosner, M.C., A.U.S. 

AAF regional HOSPITAL, GREENSBORO, NORTH CAROLINA. 

Commentator; This composite recording^ is made to illustrate some 
extreme forms of protest adapted and voiced by soldiers in the military 
service. 

* The neuropsychiatric department of this hospital is preparing a voice-recorded 
psychiatric library reflecting psychiatric problems encountered in the military service. 
Recordings are made, with the patient’s full knowledge, on a Constant Groove-Speed 
Reference Recording Machine, using thin, pliable, transparent composition disks, each 
capable of running for a l-hour period. (Frank Reiber, Inc., Los Angeles, Calif., IJ. S. A.) 

This is one of a series of recordings on the general subject of failure in the military 
service. Recorded sequences of original interviews are transcribed, with added com- 
mentary, to a single composite disk. Playing time of this disk: 27 minutes. 

The recorded library will be available for reference at the Army Medical Library, 
Washington, D. C. 

t Presented phonographically before the Section of Neurology and Psychiatry of the 
New York Academy of Medicine and The New York Neurological Society, March 13, 
1945, at the New York Academy of Medicine, New York City. 
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As a form of contradiction, protest is a natural and understandable 
phenomenon. Protest may be conscious, deliberate, and self-assumed, 
representing legitimate complaint against a disagreeable environmentel 
situation. This is its most apparent and commonplace form. The 
restrictions of military life and the disciplines imposed by it are very 
generally unwelcome and are accepted only by compromise, ooine, 
possibly more capable than others of meeting this threat to self- 
assertion and ego-esteem, absorb this mode of life ■without demur. 
Others, more refractory, accept it under protest. Protest, for thein, 
affords natural and self-determined release and serves as an automatic 
auto-therapeutic mechanism, often an adequate form of cathexis. 

Protest may be legitimate or illegitimate, justifiable or reprehensible. 
Protest may be verbal or non-verbal. It may be wholly behavioristic, 
and registered as departure from usual or normal behavior. It may be 
conscious or unconscious. It may be sane or insane. Irrespective of 
its form, it is usually articulate and recognizable. 

Protest is an aggressive rendition that contradicts authority. It is a 
"combat reaction” due to real conflict between the indi-vddual and his 
environment. Conflict of this type begets symptoms. In these 
recordings, these symptoms, in a literal sense, are permitted to speak 
for themselves. Their importance, from the point of view' of the mili- 
tary, becomes more and more obvious as one gives ear to the soldier 
sweating and straining imder his burden. 


Case 1. Protest as dementia 'prxcox. Inter'view: 

‘ ‘What -was it that brought you to the hospital ten days ago? ’ ’ 

"I had a run-in -with an officer. I had on my fatigues and my slippers and 
was walking down the avenue without a hat, with my hands in my pocket. 
Naturally the lieutenant stopped me. He called me ‘soldier’ and I guess I 
did not like it. I flew off of the handle. He told me to halt, but I did not 
halt. He held out one arm and tried to stop me. I blew off and went to hit 
him, but another officer stopped me. Then he and the M. P. had me arrested 
and I -was taken to the Public Relations Building.” 

‘‘While you were in that building something else happened from what I 
could gather. Can you tell me what that w^as?” 

‘‘I was walking around in that building and -n^as pretty keyed up, and I 
saw a picture of the colonel in a desk basket.” 

"Colonel, -n'ho— which colonel?” 

“The commanding officer of the Post.” 

"What did you do?” 

"I seized the picture, tore it up, and threw it on the floor.” 

Later: 


“Now what w^as it, George, that you told me the other day about those 
' barracks talking m such an odd and unusual w^ay?” 

knew something about my past, and practicaUy 
ffi^dve?’^ reflected on my past. They aU seemed to have me 

‘Tou seemed to be the center of all of this conversation?” 

^“yes, sir, I seemed to be in the middle of it all.” 

^kout a girl that you mentioned" before?” 

I think I have seen her here on the field. It seems to have been related 
to my bemg arrested and put in the stockade. I have seen her on thffield 
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Now, when you look back upon the whole incident, how does it appear 
to you? ' ^ 

“It appears that I had a poor perspective. Things seemed to be out of 
focus.” 

Case 2. Protest as hysteria. Interview: 

“Now, what is your trouble, James, how long have you been in the hospital?” 

(Breathlessly) “I don’t know how long I have been here. They gave me 
shots and my whole body got paralyzed and I have been paralyzed ever since.” 

“Tell me more about it.” 

“I am weak.” 

"Why do you breathe so heavily, are you out of breath?" 

"I am just weak.” 

“You seem to be fairly upset about something.” 

“I am all right.” 

"Why can’t you walk?” 

"My legs won’t hold me. I fall.” 

"Do you sleep all right at night?” 

“No sir, I don’t know why. (Desperately) I just can’t breathe!” 

"How long have you been in the army, James?” 

“About two years. I have never been in the hospital before. They gave 
me shots the other day and I became stiff all over, and I have been like this 
ever since. First they gave me five shots, and the other day they gave me 
four, and then something happened.” 

Case 3. Protest as suicidk. (Mental age: 9 years, 2 months.) Interview: 

"Ralph, I want you to tel! me what it was that brought you to the hospital 
about a week ago.” 

"Well, sir, they said I drank iodine." 

"Did you take iodine?” 

“I don’t know, sir— I don’t know. I don’t understand it.” 

“Have you been having a pretty tough time of it in the army?” 

“Well, sir, I have.” 

"What has been the trouble?” 

"I have been getting headaches.” 

"Headaches. And you have been worried about something, haven’t you?” 

“Well, sir, I was worried about the farm. They need me there, sir.” 

“And you have been concerned about the chickens too?” 

"Yes, sir, I was.” 

“The other day you became all upset about one of the ward-boys and 
chickens. Do your remember? You were listening to some music, I think, 
at the time.” 

"About the records, sir?” 

“Yes, tell me about that.” 

“Oh, them records, I cannot understand them, sir. I don’t know— they 
just boom, boom all day long, sir.” 

- “Are they jazz records?” 

“I don’t know what kind of records they are. I never heard records like 
them before.” 

"Are they symphony records?” 

"Yes, I think that is what you call them. They go boom, boom all day long.” 

"Have you ever heard records like that before?” 

"No, sir, I don’t like them.” 

"What about the rooster?” 

"Oh, the rooster. I cannot understand the rooster crowing at night here. 

I never heard that before.” 

“Why did you get so upset the other day?” 

"Weil, they would not let me go over to see the chickens.” 

Case 4. Protest as reaction to overseas asdgnment. Commentator: _ 

This 20 year old sergeant was brought to the attention of the psychiatnc 
department a week ago, having been brought to the hospital in an ambujance 
from a downtown cafe. It is stated that while drinking there, be suddenly 
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felt dizzy and fell to the ground. He was picked up and brought duectly to 
the hospital. This patient, at first, was considered an epileptic, ihe next 
day the patient was fully alert and requested to be returned i^ediately to 
his group. An investigation of this soldier’s army background revealed that 
he had advanced by series of promotions to a position as Staff Sergeant, and 
that he was considered a reliable and conscientious non-commissioned officer. 

A few hours after leaving the hospital, the patient reported to the Out- 
patient Department of the Psychiatric Section and stated that he was unable 
to remain on duty. He appeared to be in an acutely agitated condition. He 
was admitted directly to the hospital. He stated, on this occasion, that he 
had failed to give the psychiatrist the whole story during his previous hospital 


stay. 

Interview: 

“Now, Gene, I want you to tell me about the situation which brought you 
to the hospital. I am referring to the first time you came here.” 

“I was brought here in an ambulance. I don’t remember all the details. 
T fell on the street and I cannot remember all the details. I told one boy that 
I did not feel very well, then I fell down.” 

“How were you when you first came to the hospital in the ambulance, or 
do you remember?” 

“All I remember I was all tight inside. My stomach and head wms going 
around. I don’t remember everything that happened very well. I remember 
waking up on the ward.” 

Later: 

"Now, would you say that this nervousness was brought on in any way by 
the prospect of going overseas?” 

“I don’t see why it could be because when I came down here I knew I was 
going overseas. I volunteered to go over.” 

“You get along well with all the fellows in your outfit, don’t you? They 
think you are a regular fellow, don’t they?” 

"Yes, sir, that’s true. They have a high regard for me.” 

"And you earned your promotions because of ability, is that not so?” 

“Yes, sir, that’s true. I did my job pretty well.” 

."Is this sort of reaction more or less of a surprise to you?” 

“Yes, sir, it is.” 

Later: 

I don t want any discharge, sir. I have been doing my job for two and 
one-half years. 


When you say you don’t want a discharge, what do you mean?” 
“Everybody seems to think I am bucking for something.” 

“Well, who says that you are?” 

“Well, I cannot say definitely, but it is what I think. I just want you to 
know, sir, that I am not a ‘goldbricker’.” w 

“Are you afraid?” 

'Yes, sir, I am now.” 

"Of what?” 


“Of going overseas.” 

Commentator:_ Intravenous sodium amytal is administered to this patient 
The tourniquet is applied and needle is inserted in the antecubital vein* 
Ts helsibir throughout the procedure, but cooperates as fully 


Interview: 

trouble. Gene, why are you so upset?” 
agitated to answer. He cries constantly.) 

^ Tell me. Gene, why are you so upset?” 

I '^ant my wife. Where is she? 

^ IVould you care to see her m your present state?” 
want her here. I want her here.” {VoicerisestoawaU.) 

“Have you been crying a great deal in the last few days?” 


{The patient is too 


I want her here.’ 
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“No, not very much.” 

“Did you ever cry like this before in your life?” 

“No, sir, I never have.” 

“Is this a new experience for you, Gene?” 

"Yes, sir, it is.” 

“What makes you worry about your family so?” 

“I just don't want to go overseas.” 

“Why is that, can you tell me?” 

“I don’t want to go over that's all. I am scared and I am nervous.” {Con- 
tinues to cry.) 

“Gene, if we can get you over this feeling, do you think you can make a go 
of it?” 

(With fine show of spirit.) “I want to do my part!” 

Case 5. Protest as hysterical dysphonia. Interview: 

“How long has it been, Arnold, since your voice has been this way?” 

{In a harsh whisper.) “I started last June.” 

“You mean that you had an attack like this wherein you could not talk 
above a whisper last June?” 

“Yes, it was just like this. I could not talk above a whisper.” 

“How long did you have trouble with your voice at that time?” 

"The attack lasted about four months.” 

"Then what happened?” 

“Then suddenly one day I was talking.” 

Case 6. Protest as hysterical stammer. Interview': 

“Pear, say the word ‘fear’.” 

"F-f-ff-ff-f-f-f-f-f-f . . .” {Chest heaves with eff ort) , 

“Take it a little easier. Breathe more easily." 

“P-ff-fff-f-f-f-f-f-ff-fr-fr-f . . .” 

“Fear.” 

“F.ff.f.f.f.f.f.f-f.f.ff.ff.f.f.fM . . .” {After repealed efforts, fails 

to say the word.) 

“How long have you been here on our Section? How many weeks? How 
many days?” 

“T-t-t-t-t-t-t-t-t-t-t- . . .” {Shakes head from side to side) . 

“Say the word if you can.” 

“T-t-t-t-t-h-t-t-t-t-t-too.” {Explosive utterance). 

“That’s the idea.” 


Commentator. Six cases are presented illustrating -ndthin the limits 
of a 30-minute period, some forms of protest-symptoms encountered 
in the military service. Three of these cases were recorded directly 
during psychiatric interview, while 3 were transcribed from previously 
cut records to the single disc from which this case sequence is presented. 

Protest symptoms are herein represented as a series of unconsciously- 
determined regressive behavior-patterns that appear to contradict the 
military environment. All symptoms in these patients appeared in the 
Zone of Interior, following the basic training period. They represent 
some of the earlier manifestations of failure in the military service. 


REFERENCE 

1. Robneb, a. a.: Psychiatric Voice Recording in the Military Service, TVar Med., 
6. 38. 1944. 



PROGRESS 

OF 

MEDICAL SCIENCE 

gynecology and obstetrics 


TINDER THE CHABGE OF 

frank b. block, m.d. 

SUBGEON, JE-WISH HOSPITAL 


AND 

DOUGLAS F. MURPHY, M.D. 

assistant PHOFEBSOS of OBSTETBICS and GYNECOEOGY, TJNIVEBSm- 

PHILADEEPHIA, PA. 


OF PENNBYEVANIA 


UTERINE BLEEDING AND EXTRAGENITAL DISTURBANCES 
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The causes of prolonged, excessive or frequent uterine bleeding Me 
usually classified as: (a) Organic pelvic diseases, (6) functional endocrine 
imbalances, (c) systemic disease processes, and (d) blood dyscrasias.^® 
The last 2 groups are conceded a relatively minor r&le/“ and receive 
serious study only after various bysterostyptics, local procedures and 
empiric organotherapy have been unavailing. 

While this type of classification is practical from a therapeutic stand- 
point, it leads to certain etiologic misconstructions. It is now abundantly 
clear that the rhythm of uterine bleeding is the result of the ebb and flow 
of pituitary and ovarian hormones. Accentuation or prolongation of this 
bleeding may be associated with a pelvic lesion, yet the organic defect is 
not, in one sense, an adequate and independent cause for the bleeding. 
Despite the presence of various organic lesions, the uterus will have cyclic 
periods of freedom from bleeding. Moreover, benign pelvic lesions in 
general do not cause bleeding before the menarche nor after the meno- 
pause, and not at any time in very many women. Even if excessive 
bleeding is associated, it is controllable by endocrine therapy, and may be 
arrested by castration without removal of the lesion itself.®” 

Benign myometrial or adnexal lesions, therefore, can hardly be con- 
sidered primary factors in uterine bleeding phenomena, although they 
may frequently increase bleeding by interference with hormonal mechan- 
isms or pelvic dynamics. Such interference may equally well be ascribed 
to various systemic disturbances which have been found capable of 
altering the menses even though the pelvic organs remain anatomically 
normal. A minor pelvic abnormality may be purely incidental, and 
serve only as a pretext for surgery which could be avoided by proper 
attention to the general medical status of the woman. 

It should be emphasized that endometrial lesions, benign or malimant 
may produce arrhythmic bleeding analogous to wound bleeding, which is 
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entirely independent of the presence or absence of a functioning endocrine 
mechanism. Conversely, irregular bleeding is almost always due to a 
lesion of the genital tract epithelia, and prompt inspection and biopsy is 
demanded. 

_ In the absence of a demonstrable pelvic lesion, the presence of a func- 
tional derangement of the endocrine glands is inferred. Having found 
evidence of a particular type of hormonal imbalance, we carry out an 
organotherapy that cures only in the sense that insulin cures diabetes. 
Although the direction of endocrine imbalance may have been demon- 
strated, we have been content to counterbalance it, without seeking further 
for its origin. If we exclude the ovarian dysfunctions of the menarche 
and menopause, and possibly those due to hereditary and congenital 
factors, there remain far too many instances that are unexplained, unless 
we impute to the endocrine mechanism a capriciousness that is biologically 
illogical. Our purposes here are to list the disturbances and diseases of 
the body that have been reported to be associated with uterine bleeding, 
and to estimate the frequency and importance of such causes. 

Influence of the Central Nervous System. Hinsey has reviewed infor- 
mation pertaining to various neurogenital mechanisms.^® The denervated 
genital tract in animals continues to carry out cyclic estrus behavior, 
conception, gestation and labor. After presacral neurectomy, or after 
accidental transection of the thoracic cord in humans, menstruation 
retains its cyclic nature and pregnancy is undisturbed. Transplanted 
endometrium continues to exliibit cyclic growth and bleeding phenomena, 
and the transplanted ovary continues to produce ova and secrete hormones. 

Although the genital mechanism can thus to a large extent act without 
neuromotor guidance, experimental and clinical data indicate that the 
menstrual cycle may be modified by extraneous influences acting through 
one of several neurologic channels. Soon after the sympathetic fibers to 
the uterus are interrupted by presacral neurectomy, or transection of the 
spinal cord,®® there occurs uterine engorgement and a short siege of uterine 
bleeding. The denervated ovary exhibits normal follicular development 
and the presence of dilated perifollicular vessels indicate that the vaso- 
dilator sympathetic fibers are unimportant.®® However, it has been 
found that intraocular endometrial transplants fail in monkey's that have 
a thoracic cord transection, presumably because of lowered estrogen 
levels.®® 

If the pituitary stalk is severed, ovulation is impossible in the rabbit, 
although various types of afferent stimuli from the genital tract are not 
essential. Parris has recently demonstrated a transient increase in 
urinary gonadotropin in men and women following sex excitement.®® 
Sympathetic fibers to the pituitary may also have some importance, since 
Friedgood and Pincus have shown that the rate of gonadotropic secretion 
is increased by faradic stimulation of these fibers in rabbits.®® 

Theobald believes that specific vegetative control over genital functions 
resides in a hypothalamic center in the paraventricularis and the supra- 
opticus,^*® and that menstrual abnormalities in general are reactions of 
this center transmitted by its nervous connection to the hypophysis. 
Miller states that the majority of menorrhagias are psychogenic, and 
that the chemical disturbance is secondary to a psychic factor acting on 
the endocrine glands.®® 

Many authors have noted the effects of worry, fright, fatigue, nervous 
shock, sexual excesses and perversions. Miller reports the case of a 
newlj’wed who bled several days weekly, apparently because of fear of 
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coital pain, after treatment of a rigid hymen. ^ An _ inconveniently 
premature flow is said to occur in brides from fear or excitement, i heo- 

bald relates the case of a woman physician, who, having had one child, 
began to bleed irregularly only during the time when her husband was 
home from his travels. Fear of pregnancy was found to be the cause. 

A case of menorrhagia apparently arising to protect a patient from her 
desire for extramarital relationships is reported.’'® 

Emotional shock is apt to produce amenorrhea. In 4 such cases arising 
after a bombing of London, Looser did endometrial biopsies which Novak 
found to show endometrium arrested at the phase of the cycle at which 
the bombing occurred. Presumably there was an emotional interruption 
of hormone supply.®® A shock may arrest a normal flow,®® and continuous 
heavy bleeding may have a psychic origin. 

Alien and Henry studied 100 cases of personality disorders and found 
somewhat characteristic menstrual alterations.® In hypomania the flow is 
more profuse and prolonged. Manic patients show irregularities and occa- 
sional amenorrhea. In mild depression no change was noted, while in 
intense depression there is at first an increase in amount and duration of 
flow, and later a hypomenorrhea or amenorrhea. Ripley and Papanico- 
laou noted no clear correlation between the disturbance and the type of 
menstrual irregularity.®® In 221 patients with schizophrenia and affective 
disorders, they observed in general a prolongation of interval with a 
prolonged flow. In general, the worse the mental disease, the worse the 
ovarian function. Mosinger and Fiorentini reached similar conclusions, 
and were able to demonstrate hyperprolanuria in some patients.®’ 
Hypnotic suggestion has been employed to delay the menstrual flow, 
and to cure an antecedent polymenorrhea.®® Immersion of the feet in 
either hot or cold water may arrest the flow.”® 

Physical Agents. The effects of light, temperature, pressure and other 
physical factors on biologic reactions in general and on pituitary function 
in particular are well known in the laboratory animal, and are commonly 
encountered in women. Change of climate frequently delays the menstrual 
flow. The greatest number of menstrual irregularities occur during the 
summer months.^ Gunn reviewed the evidence for a lunar influence and 
found it inconclusive.^ Muller studied the influence of the high altitude 
of a resort on the Jungfraujoch and observed menstrual alterations of 


various types.®- Many waitresses bad to return to lower levels because 
of severe menorrhagia. A controlled experiment on 70 female rats showed 
a shortening of the estrus cycle. Muller believes the effect of altitude is 
largely on the pituitary gland, but he considers the possible effects of 
excess tdlramolct radiation, decreased oxygen supply, and the local effects of 
low (xUfiospkcric pvessure on the vessels of the endometrium. 

In 50 women flf/ilclcs Nizza found that menstrual disorders occurred only 
noth violent exercise during the flow.®® Occupations involving physical 
effort led to menstrual irregularities in one-fourth of 2500 previously 
normal women.” Mayer has extensively re\aewed the possible ill-effects 
ot trauma and he describes several mechanisms. Pstjchic trauma before 
the mid-cycle may cause premature rupture of the follicle and thus shorten 
the cycle. Psychic trauma late in the cycle can cause a sudden premature 
How, because of the splanchnic pooling of blood and uterine congestion, 
during the menses a psychic insult may arrest the flow entirely as a result 
of a sympathetico-adrenal reaction.®® To this we may add Markee’s 
observation that intraocularly transplanted endometrium vdll exhibit a 
secondary hemorrhage in monkeys frightened late in the menstrual period ®® 
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Mayer further writes that abdominal concussion in the early cycle njay 
also cause premature follicle rupture and advancement of the menses. 
Premenstrually a corpus luteum hematoma may be produced, with pro- 
longed and excessive bleeding. During the flow itself, a blow to the lower 
abdomen can cause local endometrial disruption and an increase of bleeding. 

Cerebral trauma, especially if a basal skull fracture is produced, may 
result in prolonged amenorrhea, although irregular bleeding may occur. 
Actual organic damage to the pituitary gland may be the result of local 
hemorrhage or pressure from edema, and a permanent hypopituitarism 
may develop. In some cases, Muller believes that the cerebral concussion 
has acted only as a severe psychic shock, and that the symptoms will 
regress spontaneously.®^ Hyperestrinism with endometrial hyperplasia 
and menorrhagia is said to be common after head trauma.*^^ 

^ Porcaro reports menorrhagia following exposure to benzol, and cites the 
similar effects of prolonged exposure to carbon sulphide, phosphorus, mer- 
cury and leadJ^ Sedormid or quinine may depress platelet production and 
thus lead to a hemorrhagic diathesis.’^ Morphine^'^^ and alcohol addictions 
lead to amenorrhea and loss of libido. Ephedrine sulphate intranasally 
leads to menorrhagia in occasional patients.®^ 

Diseases of the Endocrine Glands. Of the primary endocrine disorders, 
those of the pituitary, the ovaries and the adrenals are most likely to 
lead to menstrual dysfunction, but the role of the other endocrines should 
not be ignored. Hypothyroidism has long been recognized as a cause of 
excessive uterine bleeding. Gardiner-Hill and Smith®® studied 
59 cases of myxedema and found that of the 23 premenopausal cases lS 
(78%) had menorrhagia; 15 patients who had had radiation castration 
never had any gross pelvic lesion, and unrecognized hypothyroidism may 
have been the actual cause for the bleeding. Waters and Williams point 
out that basal metabolic rate determinations are unreliable, and in their 
own series of menorrhagic hypothyroids the readings were from —22 to 
-f-5. The latter patient was clinically myxedematous, and tolerated a 
daily dose of 6 gr. of thyroid, with disappearance of the myxedema and 
the menorrhagia. The authors conclude that hypothyroidism can occur 
with a normal basal metabolic rate determination, and they advise clinical 
evaluation and therapeutic testing with thyroid medication in menorrhagic 
cases.^'® Blood cholesterol determinations may be misleading.®* Shute 
believes that 81 % of his series of functional bleeders were in occult hypo- 
thyroidism, curable by thyroid medication. The basal metabolic rates in 
this series were —6=^13.*“® This empiric use of small doses of thyroid 
is widely recommended and practiced. Novak, however, states that "in 
the overwhelming majority of cases of functional bleeding, no thyroid 
element appears to be concerned, and thyroid therapy is of no value.”®’ 

Hyperthyroidism frequently leads to diminution of libido, amenorrhea, 
menstrual irregularities and sterility, although menorrhagia can appear. 
In 35 patients, Schachter noted 3 cases of severe bleeding, and 24 other 
patients showed some menstrual irregularity.®® Russell and Dean report 
diminution of flow or amenorrhea in most cases, and menorrhagia in only 
3 %. In severe hyperthyroidism only 27.5 % of patients maintained nor- 
mal cycles.®’ 

The thyroid-ovarian relationship may be due to a specific or to a non- 
specific action on the gonadal cells. Th^noid extract has a direct inhibi- 
tory action on the ovaries, and several investigators have shown that 
thyroxin causes ovarian degeneration.'** An intermediate action on pitu- 
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itary cells may be present, and a direct effect on the local metabolism of 

the endometrium is quite possible. , 

Parathyroid, disease has been mentioned as a possible systemic cause tor 
menorrhagia and the use of parathormone, calcium and viosterol is advo- 
cated.^5'2“'^^ More recent studies on the blood clotting mechanism indi- 
cate that calcium deficiencies per se are unlikely to result in bleeding 
tendencies, although the association can occur. Albright states, for 
example, that in steatorrhea vitamin D may be dissolved in the unabsorbed 
fat and hence hypocalcemia is produced. In addition, the^ fat-soluble 
vitamins A and K are also lost, and thus a hemorrhagic diathesis develops.' 
The same picture may result from daily doses of mineral oil, especially in 
pregnancy.®® 

Aubertin has studied 100 diabetic women.^ Menstrual disorders followed 
the onset of diabetes, especially in patients near puberty, and in severe 
and maltreated cases. Insulin therapy frequently corrected the menstrual 
disorder, which usually was a transitory amenorrhea or a moderate menor- 
rhagia. The possible mechanisms mentioned are; (a) An underlying 
pituitary disorder, (b) hereditary hypoplasia of islet and genital tissues, 
and (c) effects secondary to diabetes. Among the latter are included 
ovarian degeneration due to hyperglycemia (which has been produced in 
animals), and endometrial malfunction due to faulty glycogen deposition. 
Aubertin stresses the fact that menstruation is not seriously disturbed in 
adult diabetics, and disorders are usually corrected by proper insulin 
therapy.^ RouIIand, following the original work of Vogt, has used insulin 
non-specifically in patients with dysfunctional bleeding. He states that 
a short course of treatment with daily doses of 5 to 20 units will work 
promptly or not at all. The beneficial effect is not due to a pharmacologic 
or styptic action but may be the result of improved glycogen metabolism 
in the genital apparatus, or a directly anti-estrogenic effect.®® 

Infectious Diseases. Acute infectious diseases are recognized as poten- 
tial causes, through toxic or debilitating effects on the genital apparatus or 
endocrine glands. Several months of menorrhagia may follow an acute 
attack of mumps oophoritis}'^ Malaria is a possible cause.® Uterine 
bleeding has been interpreted as an integral part of the typhoid fever pic- 
ture,'®® although amenorrhea is the usual change. Premenstrual upper 
respiratory infections usually delay the flow, and premenstrual intestinal 
toxemia may suppress a flow entirely.®® Early in the cycle, intestinal 
toxemia may lead to premature forced rupture of a follicle. Novak states 
that pneumonia and influenza may cause transient bleeding, but amenor- 
rhea is more common.” In acute suppurative appendicitis, Ledoux has 
noticed toxic ovarian enlargements. He believes that the common factor 
in all infectious processes is the presence of toxic products which are 
capable of destroying hormone in the circulating blood, ovarian follicle or 
stroma.®® 

In chronic infectious diseases, as for example tuberculosis and leprosy, 
amenorrhea is common.®® .Menstrual excess may be seen, presumably as 
the result of incre^ed blood-vessel permeability due to " constitutional 
depraUty.^ While syphilis may cause amenorrhea, Perin reports 2 cases 
of S5^philitic menometrorrhagia, with relief on antiluetic therapy.®® 

Allergy and the Menstrual Cycle. Allergic manifestations in general 
are exaggerated during ormlation, menstruation and the menopause.®® In 
young women, the highest average reaction to allergens is obtained on the 
last day of menstruation."® Jahiel believes that reflux tubal menstruation 
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provides a preparatory intraperitoDeal dose of degenerating menstrual 
fluid. At succeeding menses, the subsequent doses excite anaphylactic 
liver crises, hepatic colic, asthma and coryza.^^ 

In some cases, dysmenorrhea, premenstrual tension and menstrual 
migraine are the expressions of allergy. Joachimovitz reports a case in 
which the allergic menorrhagia was aggravated by topical application of 
the allergen to the cervix, and the menstrual fluid contained large numbers 
of eosinophils.®* Rowe has reviewed this subject and relates several cases 
of uterine bleeding as a result of food allergies.®® Menstrually recurring 
purpura of Schdnlein-Henoch type is thought to be of anaphylactoid 
type.®^ Minot noted eosinophilia in 2 cases of menstrual thrombocyto- 
penia purpura and suggested a possible allergic background.®® 

Blood Dyscrasias. Failure of normal menstrual discharges to clot has 
given rise to the widespread impression that some agent of the normal 
clotting mechanism is lacking, or that an anticoagulant substance is 
present. Henning states that menstruation is a physiologic hemorrhagic 
diathesis with thrombopenia and a general tendency to bleed.®* Glueck 
and Mirsky showed that menstrual blood does not contain prothrombin, 
thrombin or fibrinogen.** Lozner et al. later confirmed this work and 
pointed out that menstrual blood is like defibrinated blood in its behavior 
toward thrombin, prothrombin and fibrinogen. No anticoagulants are 
present but there is an increased fibrinolytic power.*® The recent studies 
of Huggins el al. are in agreement, and the fibrinolytic enzyme is found to 
behave like trypsin.*® These findings suggest that menstrual blood does 
actually clot within the uterus, the clot undergoing later autolysis and 
discharge in fluid form. In vigorous uterine bleeding there is no time 
for fibrinolysis, and clots are discharged externally. 

Hence, if the mechanisms which arrest uterine bleeding involve the 
same processes by which rhexis in general is controlled, we may conclude 
that any hemorrhagic diathesis may find expression in accentuation and 
prolongation of the menstrual flow. This is indeed the case, and in a fair 
proportion of blood dyscrasias, the presenting symptom has been menor- 
rhagia, occasionally wth a fatal outcome.*® 

Secondary anemia does not in itself give rise to menorrhagia. In 19 cases, 
Kahn reported normal menses in 12, decrease of flow in 5 and excessive 
flow in 2. Of 6 cases of pernicious anemia, 5 had normal cycles and 1 
was hypomenorrheic. Splenic anemia was associated with marked menor- 
rhagia.*® 

Haden and Singleton studied 34 cases of idiopathic hypochromic anemia 
(Witts), of which only 1 was a man, and only 4 were postmenopausal 
women. Menorrhagia (50%) and other menstrual disorders (9%) ap- 
peared to be an intrinsic part of the symptom-complex. The authors 
state that the menstrual disturbance usually disappears as the blood 
picture returns to normal.®® In a similar series of 40 women. Gray and 
Wintrobe report a 67.5% incidence of menorrhagia, which tended to 
persist despite cure of the anemia. In some patients, heavy bleeding 
appeared for the first time after the blood picture became normal.®® 
Similarly, Hildebrandt reports a 40 year old amenorrheic who began to 
have normal menses when her “achylic chloranemia” was corrected.®® 
A dietary-alimentary deficiency may give rise to this syndrome.®^ The 
menorrhagia is apt to be misinterpreted as the cause of the anemia. 

In 108 cases of aplastic anemia, leukemia and purpura, Buxton found 
that in 10 women the primary complaint was menorrhagia, and that 
uterine bleeding was an important secondary symptom in many of the 



GYNECOLOGY ANP OBSTETRICS 


793 


other cases.i^ Others report bleeding in many leukemia cases and almost 

invariably in aplastic anemia patients.® _ 

A diagnosis of essential thrombocytopenic purpura is suggested by severe 
uterine bleeding at the menarche, especially if there is a ^^story of bleeding 
from other sites. Lowered platelet level, prolonged bleeding and clot 
retraction times and decreased capillary resistance (with clinical purpura 
or ecchymoses) confirm the diagnosis. In many cases, however, the 
picture is not so clear and recognition is difiicult. The patient may have 
no abnormal bleeding in the past, and a normal menstrual history. More- 
over, some patients do not show a lowered platelet level in the beginning 
of an acute attack® nor in a remission.’'^ _ Mmot reports 3 patients who 
at successive menstrual periods had a rapid fall of platelets to^ very low 
levels, with menstrual purpuric manifestations, followed by a rapid platelet 
rise and cessation of abnormal bleeding.’’ More commonly, he states, a 
patient has a chronic mild depression of platelet level, and bleeds only 
with further decrease. Sometimes excessive menstrual bleeding is prac- 
tically the only symptom, and hence platelet counts should be watched 
in all intractable menorrhagias.^® 

The platelet count falls during the menses.® Genell showed that 
this decrease persists until the 11th day of the cycle when there is a sudden 
rise followed by a gradual recession, and a sudden drop on the 1st day 
of the subsequent floAV. A rise in platelet count also follows parturition, 
abortion and various surgical procedures, the common factor being resorp- 
tion of degenerating tissues.®^ Capillary permeability is increased in 
menstruating women. These findings may reflect an endocrine influence, 
the exaggeration of which could lead to thrombocytopenic purpura.” 

Troland and Lee found that spleens removed from these patients 
yielded an acetone extract which depressed the platelet levels of rabbits. 
A platelet toxin, “thrombocytopen,” may be present,”® but platelet 
depression may be a non-specific, and inconstant effect of such extracts.”® 
Such a toxin would account for the occasional appearance of purpura in 
the neAvborn infants of thrombocytopenic mothers, in the cases collected 
by Finn.” 

Many authors report dramatic cures by splenectomy, when other 
measures have failed.^®-®®’®-’®® Mettier states that splenectomy is not 
always satisfactory, since it is dangerous in these patients, and a high 
percentage of patients have recurrence of symptoms.” Stephan, in 1921, 
demonstrated cessation of hemorrhage after spleen irradiation.®"® Others 
have used it in various hemorrhagic diseases and in menorrhagias of other 
cause.®®’’®'®®'®’ ’®®® 


Malignant neoplasms, leukemia, septicemia, arsenic, benzene, Roentgen 
rays and radium may depress platelet production through bone marrow 
destruction.” Secondary thrombo^topenia results, possibly associated with 
menorrhagia. David has described a small epidemic of hemorrhagic 
purpura, which may be a new syndrome.” Hemophilia is cited as a cause 
for uterine bleeding,®-®^ but the existence of this disease in women is 
doubted, especially since ovarian hormones have been found to be of value 
m treatment of male hemophiliacs. 

In an editorial review, Morhardt discusses Drukker’s report of a case of 
constitutional tlirombopathy (a form of pseitdohe 7 nophilia)J^ The patient 
reported had 2 sisters who died of menorrhagia, and 3 other relatives who 
uterine bleeding, as well as males who showed various bleeding 
phenomena. The blood findings are a prolonged bleeding time and a 
normal clotting time, pro^ombin time and platelet count. Also men- 
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tioned are other family groups reported by '\^oii Willebrand, Father and 
Minot. Drukker believes that pseudohemophilia may be subdivided into 
(a) hemoirhagic thrombasthenia of Glanzmann, (b) congenital familial 
fibrinopema, and (c) constitutional thrombopathy, as described above. 
Idiopathic hypoprothromUnemia^ and hereditary telangiectasis^ are rare con- 
ditions in which bleeding from various mucous membranes, including the 
uterine, may be encountered. In the latter condition, bleeding manifes- 
tations appear at puberty, before the inherent weakness of blood-vessel 
walls has led to visible telangiectases. 

With associated bleeding phenomena, menorrhagic patients should have 
a detailed hematologic investigation. Not infrequently, menorrhagia is 
the isolated manifestation of a hemorrhagic diathesis, and the blood picture 
may be deceptive at times. Until the correct diagnosis is reached, frequent 
small blood transfusions will be helpful in most blood dyscrasias. 

Antaminoses. Scurvy is uncommon, and most of the reported cases 
are in men.^®*^® In an unusual series, Ohnell describes 16 female scorbutics 
in a total of 22 cases, and states that menorrhagia is to be expected in 
these cases.®* King asserts that a prescorbutic state is common, and some 
impairment of physiologic function may be expected before external evi- 
dences of deficiency appear.®^ Scorbutic manifestations can be precipi- 
tated by infectious processes in individuals with chronic nutritional insta- 
bility.'^ Evidence of latent scurvy has been found in 20% of autopsies.*®^ 

Mckelsen et al. demonstrated an increased Vitamin C level in the plasma 
at the mid-cycle.'^^ Winkler and Seebach, however, found no relationship 
between the stage of the cycle and the urinary output of ascorbic acid.^*® 

Vitamin C has been recommended in treatment of menorrhagia®®’’®’*®-*®® 
because of its favorable action in sealing off capillary walls and a favorable 
influence on blood clotting phenomena.*®* The endometrium, like other 
rapidly growing tissues, may require relatively large amounts of vitamin C. 
High levels have been found in the substance of the ovaries,®'* the corpus 
luteum,** the pituitary and the adrenal glands.'**’*®* Vitamin C deficiency 
may lead to ovarian dysfunction.®® 

The significance of vitamin K deficiency in the etiology of menorrhagia 
is not clear. Andrus states that avitaminosis K of dietary origin is rare, 
perhaps because of intestinal synthesis. In intestinal disease, severe 
diarrheas and adsorption defects a latent K avitaminosis may exist and 
prothrombin times may be reduced to 60 %.® Yet this is above the critical 
bleeding level of 20%. Heilig and Kantiengar point out that liver func- 
tion is usually depressed during menstruation (by the Quick test), and 
hence the prothrombin level may fall temporarily.*®^ This fall is especially 
marked in those patients whose prothrombin level is already depressed. 

Clinical studies that stress the value of -vitamin K are unfortunately 
lacking in adequate laboratory control.*®’*®®’*** Relief of dysmenorrhea, 
disappearance of menstrual clots and abbTe^^ation of flow are reported.*® 

Large doses of %utamin K will not elevate the plasma prothrombin level 
above normal.® V*hile there is no evidence that supererogatory amounts 
of vitamin K vull in any way affect the blood clotting mechanism, 
Lichtman states that vitamin K possesses coagulant properties indepen- 
dent of the prothrombin mechanism, and may be beneficial in the absence 
of hypoprothrombinemia.®® Andrus states that the vitamin is useless 
unless there is a deficiency,® and Cheney concludes that the use of vita- 
min K to control blood loss from the uterus is without proved success 
to date.*® 
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Vitamin E deficiency may not exist in humans, yet there are suggested 
relationships to the uterine bleeding problem. ^_eat germ oil restores 
the hypoplastic thyroid gland of rats to normal histologic appearance. 
Vitamin E has been recommended as a potent anti-^trogen. 

The association of menorrhagia, among other possible manitestations ot 
hyperestrinism, and vitamin B deficiency, results from the inability ot the 
liver to conjugate and dispose of estrogens unless adequately supplied with 
B vitamins,^^ especially thiamin and riboflavin.^®® The Bishnds - have 
shown that castrate rats with implants of estrone pellets in the spleen, will 
remain anestrous provided B vitamin intake is adequate. When the r^s 
are placed on a B deficient diet, the estrogen deto^ying function of the 
jiver®^-^® is lost, estrogen escapes into the systemic chculation, and the 
rats go into estrus.“ These investigators further point out that many 
women with clinical avitaminosis B have menorrhagia, premenstrual 
tension, mastalgias and other symptoms attributable to hyperestrinism. 
Conversely, patients presenting themselves because of this latter ^oup 
of symptoms are likely to show lesions of B avitaminosis in addition. 
Uterine bleeding abates following the use of B complex, even whp small 
myomata are present, and sometimes in the absence of clinical avitamino- 
sis. The deficiency also leads to a depressed basal metabolic rate, which 
returns to normal on B therapy, but not on thyroid medication alone.” 

Vitamin B factors, especially thiamin, are low in the American diet. 
Clinical evidence of deficiency is very common, and subclinical states are 
probably even more common.”'® Therefore, we are justified in suspecting 
the B deficiency-hyperestrinemia mechanism in many menorrhagics, and 
empiric treatment with B complex vitamins, in large doses, may be 
effective. 

Ashworth and Sutton show that a vicious cycle may exist, since an 
exacerbation of B deficiency lesions occurs with the menstrual cycle, pos- 
sibly as an estrogen effect.® The same authors elsewhere indicate that 
prolonged B vitamin deficiency may lead to anterior pituitary damage, 
and thereafter the B deficiency lesions will not completely regress on 
B vitamin therapy, unless it be -supplemented with anterior pituitary 
extract.®”^ Vitamin B deficiency has been shown to cause a decrease of 
thyrotropic and gonadotropic hormones in rats. 

Wiles and Maurer found that crude liver extract is useful in some cases 
of uterine bleeding. This antihemorrhagic factor is present in saponified 
beef or hog liver fat.“® 

Visceral Disease. Liver diseases, in general, may lead to menorrhagia. 
This may be due to release of toxins from degenerating parenchyme 
secondary hypoprothrombinemia, secondary thrombocytopenia, or to a 
loss of the estrogen-detoxifying function. Feminization of cirrhotic men 
(gynecomania, fat deposition over the hips and testicular atrophy = 
Silvestrmi-Corda sjmdrome^®) is due to an accumulation of the estrogens 
that cannot be eliminated by a diseased liver. The hormone is largely in 
free form, and is thus more potent than when conjugated Women 
with h^r disease proba^bly develop hyperestrinism bythis samemechanism. 

The Quick test reveals a menstrual depression of liver function, especially 
if interval function is already low.« Acute yellow atrophy and cirrhosis 

Morlock and Hall state that in 
e liver damage, the platelet count is depressed and prothrombin 
emains low despite therapy. Hemorrhagic phenomena are seen in 58 8 ^ 
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Roentgen ray to the S'pleen promptly arrests uterine hemorrhage.’'®^ 
Among others who confirm the value of this treatment, Dannreuther 
states that he usm spleen irradiation routinely in juvenile menorrhagia of 
undetermined origin.^'- Stephan believed that a hyperfunction of the 
splenic reticulo-endothelial system results in excessive release of a fibrin 
ferment, and that this is the condition correctible by spleen irradiation.'®® 
In experiments on rabbits, Ikegami observed an initial decrease in the 
primordial and growing ovarian follicles, superseded by regrowth and 
better maturation, and hence he believes that improved ovarian function 
is a result of spleen irradiation.®® 

Various types of heart disease^ especially in decompensated form, with 
passive pelvic congestion, may cause uterine bleeding. Chronic nephritic 
is listed, as well as thrombosis of various abdominal blood-vessels. Heil- 
bronn states that uterine apoplexy with sudden hemorrhage is not rare in 
hypertensive arteriosclerotics, and he reports cases in 2 octogenarian 
sisters.^® Cachectic states may lead to either amenorrhea or menorrhagia.'® 

Atypical Bleeding of Physiologic Origin. “Implantation sign" is com- 
mon, and is due to an escape of blood from maternal sinusoids eroded by 
the embedding ovum. Sometimes it may persist several days and termi- 
nate in heavy bleeding which undermines and aborts the ovum. Ruther- 
ford has recently shown that about 60% of normal women have micro- 
scopic ovulatory bleeding at the mid-cycle.®® In rare cases, the blood may 
be grossly visible (“ovulation sign,” “little menstruation”).®®-'” Poly- 
menorrhea has been attributed to multiple ovulation, on rather tenuous 
evidence.®® 

Summary. The ultimate origin of very many cases of dysfunctional 
uterine bleeding is not sought out, and we have been willing to accept as 
causes either minor incidental pelvic lesions or endocrine imbalances, which 
may be merely intermediate effects. Relief following hormone therapy 
or curettage does not demonstrate a primary endocrinopathy nor a primary 
endometrial disease, since both measures are non-specifically helpful, and 
recurrence of menorrhagia may follow either. Thus, although empiric 
endocrine therapy or empiric curettage may be effective therapeutic 
short-cuts, they may only palliate and give a false impression of benefit 
during the time that a thorough diagnostic search might be under way. 

Uterine bleeding has two dangerous implications: cancer and blood 
loss. The latter will force us to provide prompt therapy, but cancer can 
be insidious and cannot safely be kept waiting. A reasonable guide to the 
possible need for early diagnostic curettage is obtained by considering 
the patient’s age, the duration and the type of bleeding. Metrorrhagia 
usually means a neoplastic lesion of the uterine epithelia. The totally 
irregular bleeding may originate from a totally irregular growth, and 
curettage-biopsy should not be deferred. 

Menorrhagia, however, is almost always benign. If it occurs in the 
course of a systemic disease, the internist may, with reasonable safety, 
avoid complicating the medical problem by the gynecologic treatment of a 
condition that may disappear with the general illness (pelvic examination 
should not be omitted in any case). Tracing menorrhagia to an other- 
■wise subclinical disturbance is a tedious and uncertain process, but on 
occasion it null suggest cures rather than palliatives, and may often avert 
unnecessary or fruitless surgical procedures. Accumulating data indicate 
that uterine bleeding commonly derives from systemic rather than purely 
local disturbances. 1811 Pine Street. 
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The past few years have -witnessed much clinical research on the 
hematology of congenital hemolytic anemia. Enough progress has been 
achieved in our understanding of the pathogenesis of this peculiar disorder 
to warrant the preparation of a Retnew at this time, even though none 
of the new information gathered can be characterized as highly scnsa- 
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tional. The various distinctive features to this disorder will be discussed 
seriatim, with the comments on each feature extracted from those reports 
which have emphasized that feature in most detail. i r, • 

The name of the disease has many synonyms as, for example, ctoonic 
hereditary hemolytic jaundice, familial hemolytic jaundice (or icferm), 
familial (or hereditary, or congenital) hemolytic anemia, familial acholuric 
jaundice, hemolytic ictero-anemia, congenital spherocytic anemia, spleno- 
megalic icterus of Hayem, Minkowski-Chauffard disease. Exactly which 
designation one wishes to use is largely a matter of taste, sinc^all have 
attained authoritative recognition in this or foreign countrie^^ The name 
selected for use here was adopted largely because Blackfan, Diamond and 
Leister chose it for their new and definitive ‘‘Atlas of the Blood in Chil- 




dren. tt j 

Criteria for Diagnosis. All suspected cases, according to Haden, ^ 

ought to receive certain special clinical laboratory studies to ptabiish the 
correctness of the diagnosis and to rule out other conflicting kinds of 
hemolytic anemia. Spherocytosis should be established by measuring the 
mea'n diameter and thickness of the red cells. Both plasma and urine 
should be free from hemoglobin (in this disorder, even in the most active 
stages, hemoglobinemia and hemoglobinuria are never present, because 
the red cells are being destroyed in the spleen, not in the circulation). 
Hemolysins must be absent from the plasma (hemolysins are occasionally 
demonstrable in other types of hemolytic anemia; splenectomy will not 
effect relief if the symptoms are due to such hemolysins) . _ Auto-agglutina- 
tion of the red cells never coexists with spherocytosis. (In acquired 
hemolytic icterus the erythrocytes not infrequently exhibit this phenome- 
non.) The quality of the stroma in spherocytes is not defective (in some 
anemias, such as sickle-cell anemia and idiopathic hemolytic anemia, the 
stroma is abnormally weak, as evidenced by bizarre shapes or a tendency 
for rapid spontaneous lysis of the cells when the blood remains in a test 
tube outside the body). In Haden’s opinion the abnormality lies in the 
shape of the cell. The stroma is normal, and the hemoglobin unaltered, 
so that the rounded cell functions as well as a biconcave dislTas long as it 
remains in the circulation. For this reason splenectomy, though it has 
no influence on the spherocytosis or the increased hypertonic fragility 
which persist though to a lesser degree than before operation, will relieve 
all symptoms. The increased fragility in hypotonic salt solutions in 
congenital hemolytic anemia is dependent upon the spherocytosis, though 
the conditions are not necessarily or always parallel. Spherocytosis, at 
times, may be present without an increase iji hypotonic fragility, seem- 
ingly due to some qualitative hardening of the stroma. Conversely there 
are rare cases in which the red cells have an apparently normal shape but 
their fragility is greatly increased. Haden justified these conclusions by 
ms observations of 21 patients. In every instance splenectomy was fol- 
lowed by qmck disappearance of the anemia and reticulocytosis and the 
content of bilirubin in the plasma returned to normal. 

Dacie'® proposed the following criteria as essential to the making of a 
diaposis in suspected cases: an anemia of hemolytic type, spherocytosis 
an increased susceptibility of the red cells to hemolysis by hypotonic Lline’ 
an abnormal tendency of the blood to lysis in vitro on incubation at 37° C ’ 
^ engorgement with blood is the outstanding 

S t history of recurrent anemia or jaundice over a period of years 

» 0 t exSSe ttougl' their absence does 
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Clinical Featoes. Inheritance. Meulengracht’s^ 1921 study of 7 
Stockholm familip established, that congenital hemolytic anemia is in- 
herited as a dominant Mendelian character. Such anomalies are trans- 
mitted through the affected parent; with 50% of the siblings exhibiting 
the trait; normal members of an affected family cannot pass it on. A 
number of other geneologic studies since that of Meulengracht (e. g., that 
of Debre et confirm the accuracy of this theory of the mode of trans- 
mission. Race®^ reevaluated the manner of inheritance by examining blood 
specimens from 183 members of 26 families in which at least 1 member 
had the disease. He found the general pattern to be as demonstrated by 
Meulengracht, except for 2 deviations from the expected trend. The 
expected ratio of 1 sound to 1 abnormal offspring was not e.xactly met, 
and in occasional families the disorder seemed to have skipped a genera- 
tion. As an explanation for the diminished ratio he pointed to the abnor- 
mally high miscarriage and infant mortality rates found in the jaundiced 
branches of these families, and suggested that there probably was a dis- 
proportionate number of positive inheritors among the dead children. 
He postulated also that the disorder-bearing gene exhibits a lack of full 
penetrance. Interestingly, in 3 families only 1 child was jaundiced, with 
parents and all other members having no demonstrable blood abnormality. 
These may have been instances belonging to the interesting minor group of 
“ acquired ” or non-inherited hemolytic anemia. 

Special Manifestations in Infancy. Abt^ reviewed the literature on the 
symptomatology in infancy, and described the progress of 3 cases person- 
ally observed. He found a total of 10 recorded instances in which symp- 
toms had shown themselves by 4 months of age. The onset may either 
be insidious, or appear with terrifying suddenness to terminate acutely in 
death as wdth 1 of Diamond’s'® infants. IVhen the illness is first mani- 
fested in early infancy, jaundice may be entirely absent, even though 
there is indisputable evidence of a considerable increase in destruction of 
blood. Jaundice varies strikingly from time to time and is most marked 
in a remission following a crisis. The enlarged spleen may extend below 
the umbilicus and completely fill the left flank. The liver may also show 
considerable enlargement. Both spleen and liver are usually firm. Car- 
diac murmurs, probably of “hemic” nature due to anemia, are occasionally 
noted. 

Anemia is always one of the most striking features of the disease in 
young infants, and may be severe. In 1 of Abt’s cases the number of red 
cells fell to 790,000 per c.mm., and the hemoglobin content similarly 
diminished. Bilirubinemia is always present: the icteric index is in- 
creased, and the indirect van'den Bergh reaction is positive. The morph- 
ology and fragility of the red cells are the same as with adults, though 
there seems to be a greater tendency for atypical macrocytic red cells to 
be free in the circulation- Smears of the bone marrow obtained by stSrnal 
puncture reveal an increase in the number of nucleated red cells. In 
place of the normal 15%, 50% or over have been noted. 

The sudden appearance of a hemolytic crisis is usually the first indica- 
tion that the infant’s blood is not normal. First come prodromal symp- 
toms, such as lassitude, lack of appetite and fretfulness, followed promptly 
by deepened jaundice and increased anemia. The spleen enlarges and the 
urine becomes dark. Abdominal symptoms are not prominent. Crises 
are occasionally initiated by febrile attacks; all the symptoms become 
magnified, and the infant may be extremely prostrated. _ Anemia is most 
severe when fever accompanies the- crisis. Periodicity in the occurrence 
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of these hemolytic crises is the rule. The interval between crises varies 
considerably. Urobilinuria becomes prominent, especially after a crisis. 
The stools are normal but occasionally dark. Acholia is never present. 
Hemoglobinuria is rare; it occurred with 1 of Abt’s infants during a crisis. 

Special Manifestations in Childhood. During childhood the disease ex- 
hibits more extreme deviations from its typical course than after maturity. 
This tendency has been emphasized especially by Diamond, who showed 
clearly that congenital hemolytic anemia, once its presence in childhood 
has become manifest, often fails to progress in as benign a fashion as later 
in adult life. These variations from the usual course consist of more pro- 
found anemia, interference with proper skeletal growth, and cardiac 
enlargement with or without decompensation. Diamond comments that 
the saying, “ adults with the disease are more jaundiced than sick,” needs 
to be reversed to read: “ children, and especially infants, with this condi- 
tion are more sick than jaundiced.’^ The younger the patient at the time 
of the first crisis of hemolysis, the more severe the disturbance tends to 
become. The anemia is generally more profound; the cells show much 
more tendency to variation in shape; the reticulocytes may rise to tre- 
mendous percentages, as in 1 case where they numbered about 90 % of all 
the red cells; the fragility test may show beginning hemolysis with normal 
isotonic saline solutions. The spleen may become so enlarged as to fill the 
whole left side of the abdomen. Death may occur during an attack, even 
during the first, for the bone marrow of the young does not have as great 
an emergency store of red cells; a hemoclastic crisis may be quickly fol- 
lowed by all the symptoms of acute and fatal hemorrhage. 

As the child passes through succeeding attacks of hemolysis with 
jaundice and anemia, his heart enlarges, his valves dilate and become 
insufficient, and cardiac decompensation may take place. Growth of his 
skeletal structures is interfered with; not only is stature small but the 
centers of ossification delay in appearance. The bones tend to become 
wider, with thinning cortex, in an effort to keep up maximum production 
of red cells. Some children have seemed to be mentally retarded. In 
unoperated cases continued hyperbilirubinemia may lead to the produc- 
tion of gall stones with subsequent danger from biliary obstruction. Early 
splenectomy for the infant or child with active symptoms of congenital 
hemolytic anemia is therefore strongly advisable, and may be necessary 
as a life-saving measure. 


Gall Stones. An instance of gall stones in a 3 year old child has been 
reported by Gairdner.^® The preoperative diagnosis was based upon a 
history of hemolytic anemia, an acute attack of obstructive jaundice, and 
I^entgen ray demonstration of a shadow suggestive of stone in the region 
of the gall bladder. On reviewing the literature he found that few cases 
of gall stones, cholecystitis or common duct obstruction by soft masses of 
bile pigment have been recorded, although with adults having the disease 
one of the prominent and most common difficulties is the propensitv to 
biliary tract complications. 

Bones Bone changes are almost never seen in congenital hemolytic 
anemia Cooper,® however, after citing a few similar instances from the 
older literature, described a family in which 2 affected children had the 
mongoloid facies and the thickening and vertical striation of the skull- 
cap bones so often deemed characteristic of Cooley’s erythroblastic anemia • 
He pomted out that these skull changes are occasionally seen also in that 
And form of chronic congenital hemolytic anemia-sickle-cell anemia 
Diamond, as already mentioned, had preyiously pointed out that in the 
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3 varieties of congenital hemolytic anemia there is marked thinning of the 
cortices of the bones of the extremities with increase of the medullary 
portions due to hypertrophy of the medullary substance. 

Acute Crises. The crises which come on abruptly for no discoverable 
reason pan be very serious and even lethal.i-^6-28.35 In fact, Curtis, Doan 
and Wiseman® several times with adult patients have had to resort to 
emergency splenectomy as a life-saving measure because of the severity 
of a hemolytic episode. Since one hemolytic episode is usually followed 
by others, McLaughlin®^ recommends a splenectomy for every patient who 
has experienced one such episode. 

Outbreaks of hemolytic crises which break out within a family circle 
have been referred to by a number of authors.^®’®'^ Dedichey® reported 

4 instances of acute crises in 1 family and 9 instances in a second family, 

each such outbreak lasting a month. Scott®® has described hoAv within 
an IS day interval 4 affected brothers and sisters each experienced a crisis. 
Damashek*® discussed 3 children in the same household — 2 brothers and 
a cousin — who became successively ill within 10 days with crises ivhich 
necessitated i ”■ >■ 'y-- -“I—rrtomy. 

The cause < ' .■ ■ '. is shrouded in the same obscurity Avhich 

conceals knoivledge of the cause of any individual attack. Dedichek sus- 
pected that his cases were due to a “grippe” infection. The parents of 
Scott’s cases were convinced that emotional sympathy played a large part 
with the latter 3 of the 4 children. Damashek h 3 ’-pothesized that the crises 
developed because of some alteration outside the bone marrow affected 
perhaps by splenic activation which in turn had been provoked by some 
environmental factor. 

All authors agree that the only satisfactory treatment lies in splenec- 
tomy. Liver, iron and other medicaments are of no help. Pollowing 
splenectomy, if the diagnosis is correct, the reticulocyte count returns to 
normal, and the icterus disappears, because blood destruction no longer 
takes place.®® The spherocytosis persists, however. 

The surgical treatment has been well discussed by McLaughlin, Sharpe 
and Cunningham,®® in their careful report on 29 typical cases in 12 of which 
the spleen was removed successfully. For those indiriduals haAung a sub- 
clinical ^sturbance with few or no symptoms an operation is not recom- 
mended. The youngest patient of McLaughlin ci al. was 5 years old, but 
Bell® operated successfully on a 15 month’s old child, and Haden®®'' refers 
to an infant who was operated on at 4 months when weighing only 7 pounds, 
with complete recovery from symptoms. 

Gripwall®^ described the crises of congenital hemolytic anemia as being: 
(1) thermic, (2) abdominal or (3) essential blood _ crises. Lowe®® com- 
mented that the mechanism of the so-called thermic crises, if they exist 
divorced from other phenomena, is not clear. -The abdominal crises seem 
to be associated with changes in liver function and structure and not 
necessarily with increased blood destruction. The essential blood crises 
are the hemolytic type producing severe, even fatal, anemia. _ As sum- 
marized by Lowe, the clinical features of an abdominal crisis include; 
(1) liver enlargement; (2) repeated attacks of nausea, vomiting, fever, and 
progressive jaundice, with upper right quadrant pain in the presence or 
absence of gall stones; (3) a direct van den Bergh reaction in the serum, 
or one changing from indirect to direct during the acute episode. The 
pathologic changes observed include: (1) marked enlargement of the 
liver (no histologic reports, however); (2) a perilobular congestion of 
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characteristic type; (3) some degree of parenchymal degeneration, vapong 
from mild with recovery to severe with terminm acute yellow atropiiy. 

Lowe studied carefully the pigment excretion of a 15 year old affected 
boy during an abdominal crisis. There was a marked sudden increase of 
urinary urobilin; rapid increase of bilirubinemia with change of the 
van den Bergh from indirect, through slight to moderate, to strong direct 
type; enlargement and tenderness of the liver; and diminished hippuric 
acid sjmthesis as measured by the Quick intravenous test. These findings 
which suggested diminished liver function then rapidly cleared with no 
therapeutic attempts. There was no marked increase of blood destruc- 
tion associated with this series of events. In the same patient, transfu- 
sions Avere followed by a progressive enlargement of the spleen. There 
then occurred a marked increase in blood destruction, with drop of red 
blood cells, hemoglobin, and reticulocytes. It is probable that the trans- 
fused red cells were sequestered in the spleen and rapidly destroyed, lead- 
ing to a marked stercobilin excretion. Splenectomy was followed by a 
return to normal in the red blood cells, hemoglobin, reticulocytes, biliru- 
binemia, and pigment excretion. All clinical symptoms and signs dis- 
appeared. 

McLaughlin^^ pointed out that the manipulations of surgical removal 
force out into the circulation much of the blood wLich fills the spleen, so 
that this organ at the start of the operation is larger and more engorged 
than when finally removed and sent to the pathologist. As a consequence 
there ensues temporarily a striking increase in the cellular elements of the 
circulating blood. In counts made of his group of cases in the day fol- 
lowing operation the average rise for hemoglobin was about 4 gm,; for 
red cells, 1,100,000 per c.mm.; for white cells, some 17,000 per c.mm. 
Thus without resorting to external transfusions an autotransfusion takes 
place which contributes to the success of the operation, even when a 
profound anemia or a hemolytic crisis is in effect. By 48 hours after 
operation, however, the red cell readings fall nearly to their preoperative 
level, due presumably to a readjustment of the fluid balance. 

Sharpe and Tollman^ comment that the immediate and dramatic 
changes in the blood picture are characteristic only of the familial variety 
of hemolytic anemia, for they were not observed in 5 patients (adults) who 
were subjected to splenectomy because of refractory atypical non-sphero- 
cytic hemolytic anemia. Freund^® experienced a similar failure in an 
11 year old school girl wnth persistent lung infection and an “acquired” 
chronic hemolytic anemia. 

One complication which occasionally follows splenectomy consists of the 
building up of a tremendous platelet level within the 1st w-eek or 2 follow- 
ing operation.5« Diamond^® described 1 such instance in a child. The 
high platelet count, more than 1,000,000 per c.mm. at the end of the 
1st week after operation, was associated with evidences of intravascular 
thrombosis, manifesting itself in abdominal pain, fever, leukocytosis and 
convulsions. Such “platelet crises” usually subside in a relatively short 
time. 

Accessoiy Spleens. ^ I^Tien active sjouptoms begin to recur some months 
or years after the patient has been symptom-free following a splenectomy 
one should suspect that an accessory spleen or spleens is undergoing com- 
pensatory hypertrophy. For this reason accessory spleens should be 
searched for and removed during the primary splenectomy. With norma! 
adults the incidence of accessory spleens as usually stated is about 10% 
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but Morrison, Lederer and Fradkin^ concluded, from a study of earlier 
authors’ work, that they are more frequent than that in childhood and still 
more common during the neonatal period and early infancy. Curtis and 
White® classified accessory spleens, according to location, as (a) hilar, (6) 
gonadal, and (c) gastro-intestinal. Hypertrophy of the hemolymph tissues 
was demonstrable at autopsy in 1 of McLaughlin’s®' adult cases, in which 
a recurrence of symptoms had occurred. Freund'® had reported a 10 year 
old boy with congenital hemolytic anemia whose s3Tnptoms were not 
relieved by splenectomy; necropsy, later, uncovered a remaining accessory 
spleen with highly active pulp. 

Blood Changes Following Splenectomy. It has already been stated that 
following splenectomy, coincident with the subsiding of the hemolysis and 
the anemia, the spherocytosis grows less marked, the fragility test shows 
an approach to more normal values though not always, the reticulocytes 
diminish, the platelet count is increased transitorily, and the hyperactivity 
of the bone marrow subsides. Howell-Jolly bodies also begin to be evi- 
dent; Pepper and Austin®®® found them still persistent in an adult patient 
28 years after the operation, and stressed that the finding of these bodies 
in an otherwise normal blood can be taken as a strong indication of the 
absence of the spleen. 

An erythroblastic response to splenectomy is, of course, well known in 
Mediterranean (Cooley’s) anemia, also kno'wn as thalassemia. Stransky 
and Eegala^ described 2 children in a Filipino family believed to have con- 
genital hemolytic anemia, in whom splenectomy was followed by a pro- 
nounced erythroblastic response. With both children, 3 to 5 % of the red 
cells were erythroblasts nearly 1 year after the operation, and there were 
still persistent anemia, jaundice, reticulocytosis and increased urobilinogen 
output, indicating that the hemolytic disease had not abated. There 
were, however, no more hemolytic crises. Because of the failure to im- 
prove after splenectomy and since neither of these children nor their 
affected father displayed abnormal red cell fragility curves, one suspects 
that the genetic disorder of this family does not fit into the chronic heredi- 
tary hemolytic anemia under discussion here. 

Laboratory Features. Examination of the Blood. Dameshek'®® has 
directed attention to the information which can be gained from the 
ordinarily neglected but highlj'- useful procedure of direct microscopic 
observation of red cells in the moist smear. In a fresh coverslip prepara- 
tion of blood mixed with an anticoagulant the various degrees of sphero- 
cytosis in the individual red cells can be readily noted, since many red 
cells will lie edgewise to the eye. Cells in stages preliminary to complete 
spherocytosis vdll appear cup-shaped, jug-shaped, or spheroidal with a 
dimple at one end. Furthermore, in the presence of spherocytosis, the 
rouleaux formations are short, bizarre, and hardly ever straight, because 
it is difficult for rounded red cells to become closely aligned to others 
equally rounded. Gripwall®' had emphasized the selfsame points; he 
reported also that in the fresh smear the reticulocytes are easily recog- 
nized by their distinctive “hilus” shapes. There are grooves and depres- 
sions on the surfaces of the reticulocytes which shift about slowly during 
time spent in their observation. These cells do not partake in rouleaux 
formation. 

Hill®' studied the dimensions of the red cells of 7 cases of congenital 
hemolytic anemia over a 2 year period; 3 of the patients were children. 
In every case but 1 there was at least 1 occasion when definite spherocytosis 
occurred. Decrease in diameter of the red cells — microcytosis was also 
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present, except for a 7 year old boy whose red cells were often macrocytic 
as well as spherocytic. No significant correlation could be estabhshecl 
between the spherocytosis and the severity of symptoms, onset of crisis, 
rapidity of red cell regeneration, or benefit from splenectomy. 

GripwalP^ described a peculiar appearance of the upper zone of the 
red cell layer during the performance of the Westergren sedimentation test. 
Above the linear upper border of the main sedimenting mass of red cells 
there is seen a diffuse rather homogeneous “ veil-like” layer of lagging red 
cells. On microscopic examination this layer can be demnnstrated to 
consist almost exclusively of hilus-shaped reticulocytes. Since they do 
not clump into rouleaux they settle doivnward more slowly than do the 
more mature aggregating cells. Further investiptions proved that this 
kind of “veiled” sedimentation occurs in all conditions in which the blood 
contains a good proportion of reticulocytes. 

Quantitative Measurements of Fragility. With blood from normal chil- 
dren the hemolysis induced by a series of increasingly hypotonic salt solu- 
tions usually begins in saline concentrations of 0.48 to 0.44% and becomes 
complete in concentrations 0.3S to 0.30%. One of the most characteristic 
diagnostic signs of congenital hemolytic anemia is a diminution in the 
osmotic resistance of the red cells. Disintegration becomes manifest in 
the zone 0.80 to 0.50% saline (normal saline = 0.85% NaCl solution) 
and is usually complete by 0.50 to 0.40% saline.®®’®®-^® ^ 

Cormick^ commented that the fragility test as customarily employed 
fails to detect slight increases in red cell fragility and should be viewed as a 
qualitative procedure. She recommended the more sensitive quantitative 
fragility method of Simmel,^ which had been used by Whitby and Hynes^® 
with adults. This method consists of hemocytometric counting of the 
remaining non-hemolyzed cells .after exposing red cell suspensions to a 
series of decreasing saline solutions for 1 hour at room temperature. With 
50 normal children the average values were: in 0.60% saline, 0%; in 
0.55% saline, 1%; in-0.50% saline, 14%; in 0.45% saline, 47%; in 0.40% 
saline, 81%; in 0.35% saline, 95%. With iron-deficiency anemias and 
other blood dyscrasias essentially similar curves resulted. By contrast 
congenital hemolytic anemia (2 cases) exhibited a dramatically evident 
increase in red cell fragility which persisted though less marked following 
splenectomy. 


A very similar quantitative method was utilized by Dacie'®® to follow 
more precisely the changes in fragility produced by splenectomy. In 
his hands the fragility curves, when classified on the basis of their shapes, 
fell naturally into 3 main groups— “ tailed,” “diagonal” and “normal.” 
The “ normal” curve rises steeply in the saline concentration zone between 
about 0.52 and 0.36%; the “diagonal” curves spread out in a gradual 
rise between 0.70 and 0.40%; the “tailed” curves overlap the “normal” 
for much of their course, but have traces of hemolysis in the higher con- 
centrations of saline which form a “ tail” at one end of the curve. In 11 
of 12 patients on whom splenectomy was performed the red cell fragility 
eventually became improved, though with 7 patients having “tailed” 
curv^ the postoperative decrease in fragility was preceded by an imme- 
diately transitory increase in fragility. In 1 patient, first seen in a hemo- 
lytic crisis, the resistance to hemolysis ultimately became normal 
Rate of Autohemolysis of Bed Cells. Dacie^®“ investigated the question 
ot whether the spherocytes of familial hemolytic anemia will undergo auto- 
hemolysis m<ro more rapidly than will normal red cells. On storing 
fresh blood at 37 C., whether clotted or mixed with anticoagulating potas- 
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sium oxalate, he found that the spherocytes of 10 patients underwent con- 
siderable spontaneous lysis within 24 hours, whereas 20 control specimens 
from normal individuals showed only traces at 24 hours and variable 
moderate amounts (trace to -f 4-) after 48 hours. The rate of auto- 
hemolysis of t'he spherocytes became reduced somewhat when they were 
suspended in normal saline rather than serum or plasma, though disinte- 
gration under these circumstances was still more rapid than that of control 
washed red cells. The author suggested that the increased rate of hem- 
olysis was perhaps dependent upon an increased in viw absorption of 
lysolecithin by the abnormal red cells. This latter substance is a lipoidal 
derivative, obtainable from plasma or serum, which inhibits rouleaux 
formation and thereby retards sedimentation. It can convert normal 
discoidal red cells into spheres, with crenated and “prickle” cells as inter- 
mediate stages, and can cause hemolj’’tic degeneration if added in sufficient 
concentration. 

Pathogenesis. Ignorance still clouds our understanding of the physio- 
logic mechanisms whose disturbed functionings result in the clinical picture 
of congenital hemolytic jaundice. Authorities in the field concur that 
one of the cardinal features of the disturbance is spherocytosis, but there 
is conspicuous lack of agreement as to whether the abnormally spherically 
red ceils are that way because of a primary defect in red cell formation 
within the bone marrow, or because of an alinormally acting hemolytic 
mechanism, congenital and endogenous in origin. Dacie'^'has presented 
an impartial appraisal of these 2 theories. The remarks and references 
which follow are in part e.xtracted from his discussion. 

The red cells in this condition display other abnormalities in addition 
to being spheroidal in shape. They can be broken up by lysolecitliin more 
easily than normal cells.^^'^^’^® They undergo more rapid autohemolysis 
in vitro both before and after splenectomy.'®® Transfusion into health.^' 
recipients of blood from patients with congenital hemolytic anemia has 
shown that the cells have a shorter life than normal,"'*® whereas health^' 
cells have a normal survival time when transfused into patients with 
congenital hemolytic anemia." 

The more spheroidal shape of the cell is generally accepted as being 
responsible for the main features of the clinical disease, such as increased 
fragility to hypotonic saline, increased blood destruction, icterus, anemia, 
reticulocytosis, and splenomegaly. That this abnormality of the red 
cells, ingrained and hereditary, is the primary source of the disturbance 
has been proposed by many workers.®"®®'®®''’® 

In support of the opposing hemolytic agent theory is the demonstration 
that spherocytosis and increased fragility are not necessarily congenital 
in origin, but can be evoked by a variety of acquired anemias and by other 
diseases. Dameshek and Schwartz'® energetically champion this view. 
From perusal of the literature and detailed hematologic study of 4 cases 
of acute hemolytic anemia they concluded that: (a) spherocytes are 
formed outside of the bone marrow; (h) spherocytosis develops only in 
mature red cells; (c) a hemolytic agent, such as is present in hemolytic 
sera, is responsible for its development. 

Dacie'®® lists a number of different disorders in which spherocytosis and 
increased fragility have been described, among them myelosclerosis and 
allied syndromes, leukemia, erj'tluroblastosis fetalis, normal fetuses in 
vtero, carcinomatosis of bone, Ijunphadenoma, ovarian dermoid cyst, 
lymphosarcoma of the pancreas, pneumonia, lymphadenoma, and lym- 
phatic leukemia. The red cell changes and congestion of the spleen can 
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be caused also by administration of hemolytic immune sera to experi- 
mental animals^^'®®-^'' and by hemolytic poisonings in man, such as those 
due to sulfonamides.^® Significantly, spherocytosis and increased fragil- 
ity can be produced only in vivo. None of the known hemolytic agents 
produce these changes when added to red cells in viiro. 

The failure to find free hemolysin in the blood of congenital hemolytic 
anemia cases has been explained by Dameshek and Schwartz by the 
hypothesis that the hemolysin responsible (of the immune body type) does 
not circulate in detectable amounts but remains Jfixed to the red cells and 
other tissue cells. Singer^®® pointed out that this theory cannot be recon- 
ciled with the fact that normal cells, transfused into patients with con- 
genital hemolytic anemia, have a normal longevity.!^ 

Josephs®® suggested that in congenital hemolytic jaundice some substance 
may be lacking which in normals helps to maintain the normal equilibrium 
between formation and destruction of blood. 

The persistence of abnormal cells after removal of the spleen demon- 
strates that this organ alone is not responsible for the abnormalities, 
though its removal reduces the rate of hemolysis to limits which can be 
satisfactorily compensated for. 

The mechanism of hemolysis within the spleen is not clear. Erythro- 
phagocytosis is generally inconspicuous, indicating a humoral rather than 
a cellular type of destruction. Some authors^'^ have attributed hemolysis 
to the action of lysolecithin®-^ produced in excessive quantities by a spleen 
in which an unusual degree of circulatory stasis is assumed to occur. 
Recent claims®^ that the red cells in familial hemolytic anemia are 
unusually sensitive to the hemolytic effect of lysolecithin appear to fit in 
with these ideas. Ham and Castle®® believe that circulatory stasis of a • 
normal degree, acting upon cells which are unusually susceptible to its 
effects, is sufficient to account for the increased hemolysis. Whipple^® and 
Dacie^®® suggest that stagnation in the spleen may be selective; normal 
discoidal cells may have no difficulty in traversing the spleen, but sphero- 
cytes, possibly because of their spheroidal shape, cannot pass through the 
stomata of the splenic sinuses. 
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An Evaluation of the Effectiveness of Globin, Albumin, Hemoglobin 
and Oxypolygelatin in the Treatment of Hemorrhagic Shock.* A. S. 
HAintTON and W. M. Parkins (Harrison Dept, of Surgical Research, 
Univ. of Penna.) The efficacy of colloid solutions as plasma substitutes 
following hemorrhage has been tested by two procedures. These pro- 
cedures were planned to produce moderate and severe degrees of circula- 
tory deficiencies. 

Thirty-five dogs under light nembutal anesthesia were bled (4 cc. per kg. 
per minute) to a blood pressure end-point of 20 mm. Hg and immediately 
infused with a volume of fluid equal to the blood volume removed. A 
second hemorrhage, 3 hours post-infusion, was performed at the same rate 
and to the same end-point as the initial hemorrhage and was followed by 
the infusion of erythrocytes in the replacement fluid. 

The following factors were considered in evaluating the efficacy of 
infusion fluids: degree and variation in hemodilution, change in plasma 
density, restoration and maintenance of blood pressure, volume of second 
bleeding, and survival. 

The average volume of the second hemorrhage expressed as percentage 

♦ Work done under contract with the Office of Scientific Research and Development. 
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of the initial bleeding volume was as follows: saline, 48; 3.3% human 
globin, 43; plasma, 65; 7% hemoglobin, 73; 5% oxypolygelatin, 79; 5% 
albumin, 88; and autotransfused blood, 95. Rapid infusion of modihed 
human or dog globin produced vasomotor disturbances in normal dogs 
and was not well tolerated by severely bled dogs. 

Immediately preceding the second bleeding the average hematocrit 
values expressed as percentage of the control value were as follows : oxy- 
polygelatin, 33; hemoglobin, 39; 5% albumin, 41; plasma, 44; globin, 55; 
and saline, 66. Hemoconcentration was evident in hemoglobin-infused 
animals 24 hours after hemorrhage. 

Blood pressure approached normal values, and was well maintained 
with each of the replacement fluids . The best restoration of blood pressure 
was obtained with autotransfused blood. 

In 22 experiments, 1 hour of hypotension at 30 mm. Hg preceded the 
infusion. According to the criteria used in these more severe hemorrhage 
shock experiments plasma consistently gave the most favorable results. 
Albumin (5 and 25%) and oxypolygelatin were definitely superior to 
saline. The concentrated albumin required about 1^ to 3 hours to pro- 
duce a degree of dilution comparable to that obtained with plasma. 


The Effects of Alterations in the Arterial Tensions of Carbon Dioxide 
and Oxygen on the Cerebral Blood Flow and Cerebral Oxygen Consump- 
tion of Normal Young Men.* S. S. Kety and C. F. Schmidt (Dept, of 
Pharmacology, Univ. of Penna.) By means of the nitrous oxide method 
previously reported,^ quantitative measurements were made of blood flow 
and oxygen consumption in the brains of unanesthetized healthy young 
men under normal basal conditions and during active and passive hyper- 
ventilation with room air, inhalation of 5 and 7 % CO 2 with 21% O 2 , of 
85 to 100% O 2 , and of 10% O 2 . The average results are presented in 
Table 1: 


Table 1.— Changes in Cerebral Blood Flow and Oxygen Consumption 
Under the Variods Conditions 


Cerebral blood flow Cerebral Oi consumption 
(cc./lOO gm./min.) (cc./lOO gm./min.) 



Experimental procedure 

No. 

subjects 

Control 

1. 

Active hyperventilation 

7 

70 

2. 

Passive hyperventilation 

5 

66 

3. 

5% CO 2 inhalation . 

6 

71 

4. 

7% CO 2 inhalation . 

2 

64 

5. 

85-100% O 2 inhalation. 

6 

67 

6. 

10% O 2 inhalation . 

3 

75 


Exp. 

Change 

(%) 

Control 

Exp. 

Change 

(%) 

47 

-32 

4.3 

4.9 

+ 15 

41 

-36 

4.7 

4.7 

0 

112 

+58 

4.2 

4.6 

+ 9 

144 

+ 125 

4.0 

3.7 

- 8 

59 

-12 

4.1 

4.1 

0 

111 

+48 

4.2 

4.1 

- 2 


The changes in cerebral blood flow induced by both types of hyper- 
wntilation, by 5% CO 2 and by high oxygen are all statistically significant. 

I lie results reported for low oxygen are not yet significant, due to the 
small number of cases, but these experiments are being continued The 
reported changes in cerebral oxygen consumption are not statisticallv 
significant, except for the increase associated with active hyperventila- 
tion which was a constant fmding in all experiments in that group. 

I I P°^t®d out that similar conclusions concerning changes in cerebral 
blood flow m man dm-mg these procedures were refched previously^by 
others using the cerebral arteriovenous oxygen difference as a measure of 

* Work done under contract with the Office of Scientific Research and Development. 
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cerebral blood flow with the unestablished assumption that cerebral 
oxygen consumption remained constant. Although the present data vali- 
date this assumption under these specific conditions, there is still no 
warranty that under other conditions the cerebral ox^'^gen consumption 
would remain constant. Recently it was found^ that under a wider range 
of^ conditions cerebral arteriovenous oxygen difference was a very poor 
criterion of cerebral blood flow. This would be expected since the arterio- 
venous oxygen difference, being a product of both blood flow and oxygen 
consumption, is alone a measure of neither. 

Prom our control data it is now possible to derive a first approximation 
to the total cerebral blood flow and oxygen consumption of the human 
brain under basal conditions and the respective proportion of those to 
cardiac output and total oxygen consumption. These data on the basis 
of a brain weight of 1400 gm. are presented in Table 2. We are continuing 
this work with further studies on the physiology, pharmacology and 
pathology of the cerebral circulation in man. 

Table 2. — Cehebb.4.1, Blood Flow and Oxygen Consumption in Relation 
TO Cardiac Output and Total Oxygen Intake 

Cerebral blood flow Cerebral oxygen consumption 


Subject 

Cc./min. 

% of cardiac 
output* 

Cc./min. 

_ % of total Oi 
intake by body 

SH . 

■. . . 826 

20.2 

55 

20.1 

LE . 

... 925 

18.2 

64 

24.0 

MH . 

... 896 

20.4 

60 

21.6 

OM . 

. . . 1050 

21.4 

69 

29.8 

WH . 

... 938 

20.0 

62 

24.4 

Mean 

... 927 

20.0 

62 

24.0 


* Cardiac output calculated from ballistocardiograms using the original formula of 
Starr et al.* and the correction factor 1.18 of Coumand ei alfi 
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Respiratory Flow Rates and the Design of Oxygen Equipment.* J. R 
Pappenhebier, j. C. Lilly and G. A. Millikan (Johnson Research 
Foundation, Univ. of Penna.). A knowledge of respiratory flow rate 
patterns under various conditions of physical activity and resistance to 
breathing is of basic importance in determining specifications for the 
manufacture of oxygen delivery systems, respiratory filters, valves and 
other respiratory equipment. Records were shovm illustrating typical 
respiratory flow patterns and static and dynamic pressure-flow character- 
istics of certain respiratory equipment. The importance of such measure- 
ments for ensuring an adequate oxygen supply and a tolerable resistance to 
breathing in aviation, industrial and clinical applications was pointed out. 


The Effect of Morphine Upon the Circulatory and Respiratory Responses 
to Tilting. J. H. Drew, R. D. Dripps, Jr., and J. H. Comroe, Jr. (Depts. 
of Neurosurgery and Anesthesia, Hosp. of the Univ. of Penna., Harrison 

* Work done under contract with the Office of Scientific Research and Development. 
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Dept, of Surgical Research and the Dept, of Pharmacology, Univ. of Penna. 
School of Medicine). It is generally thought that morphine produces no 
significant change in the circulation in man. However, individuals given 
morphine often develop symptoms such as faintness, giddiness, or dizziness 
which are suggestive of some alteration in the circulation. Since these 
symptoms occur more frequently in the upright position, we decided to 
investigate the effects of morphine upon the circulation of supine and 
erect man. Morphine was injected intravenously in 25 supine subjects; 
while blood pressure did not change significantly, pulse increased an 
average of 27 % and cardiac output per minute, as measured by the ballisto- 
cardiograph, increased 23 %. These results indicated that morphine does 
alter the circulation in supine man but that compensatory mechanisms 
prevent any detectable change in blood pressure. The circulation was 
then put under a strain by tilting subjects from the horizontal to 75° feet 
down position for 10 to 15 minutes. Before morphine only 2 of 25 subjects 
(8%) fainted while after administration of morphine intramuscularly 11 of 
25 (44%) fainted. When the legs and thighs of these 11 were wrapped 
tightly with elastic bandages, only 2 of 11 (18%) fainted upon retilting. 
The actual site of action of morphine upon the circulation cannot be 
stated definitely from these data but we believe that the effect is predomi- 
nantly due to peripheral vasodilatation for the following reasons: (1) 
Morphine did not decrease the cardiac output and hence the fall in blood 
pressure could not be due to direct cardiac depression. (2) It did not 
depress the immediate increase in pulse rate that normally occurs upon 
tilting, and therefore the pressure receptors and cardio-accelerator centers 
were not depressed by morphine. (3) The decrease in respiration was not 
sufficient to decrease venous return significantly. 

Certain clinical implications may be derived from these experiments. 
Morphine should not be used unless necessary in patients who are in the 
erect or sitting position, or in patients whose circulation is under other 
strain, such as hemorrhage or shock, unless precautions are taken to 
prevent pooling of blood in the extremities. 

Observations were also made upon the respiratory responses to tilting. 
Upon tilting to the feet down position, respiratory minute volume de- 
creased 10%, whereas upon tilting back to the horizontal, minute volume 
increased 28%. The unexpectedly greater change upon returning the 
patient back to the horizontal position was probably due to distention of 
pulmonary capillaries by blood previously pooled in the legs. 

Respiration and circulation were measured at the moment of syncope 
in 1 1 subjects. The remarkable finding was the small respiratory increase 
(20 %) that occurred. This together with a frequent finding of pulse slow- 
ing indicates that the usual peripheral pressure-receptor and central 
vasomotor regulatory mechanisms either fail to respond or are suppressed 
under these circumstances in unanesthetized man. 
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Textbook of Obstetrics. By Hbnbicus J. Standee, M.D., F.A.C.S., 
rrofessor of Obstetrics and Gynecology, Cornell University Medical College; 
Obstetrician and Gynecologist-in-Chief, New York Hospital and Director 
?T- ^ L Hospital, New York City. Third Ed. (representing tiie 

Ninth Ed. of Williams Obstetrics, the first six of which were written by the 
late Dr. J. Whitridge Williams). Pp. 1277; 740 figs. New York: D. Appleton- 
Century, 1945. Price, SIO.OO. 

_ This new edition contains a few less pages and illustrations than the pre- 
vious edition. It has been improved by the withdrawal of certain illustrations 
which gave w^hat might be described as an old fashioned atmosphere, and by 
the introduction of man}'^ line drawings which represent the best type of pic- 
tures for many subjects, especially the mechanism of labor. 

The discussions of the various subjects are well presented and well docu- 
mented. Although briefer texts may be preferred by beginning students, the 
reviewer is convinced that the more comprehensive texts such as the present 
one have ^eater general and ultimate value. They supply a broader back- 
ground of ideas as 'well as facts. The present edition perpetuates the high 
standard of medical ivriting set by Williams in the first 6 editions, and is not 
excelled in the field of obstetrical texts printed in Engh'sh. D. M. 


Textbook of Bacteriology. By Eduhn 0. Jordan, Ph.D., late Professor 
of Bacteriology and William Burrows, Ph.D., Associate Professor of 
Bacteriology, tfniversity of Chicago. Fourteenth Ed. Pp. 909; 242 ills. 
Philadelphia and London: Saunders, 1945. Price, S7.00. 

As an extremely well-rounded source of bacteriological informatiouj this 
textbook should be ivelcome to medical students and medical technicians 
principally. It makes no attempt to fill the needs of students of other branches 
of bacteriology. The presentation follow's an orderly and logical plan. The 
early chapters deal ivith the history of bacteriology, general considerations of 
microorganisms, the relation of bacteria to disease in humans, followed by 
host-parasite relationships. The bacteriology of enrironment with specific 
discussions of water, sewage, milk, and food examinations and treatment 
precede chapters on antigen-antibody reactions, immunology, and aller^. 
Then the remaining chapters consider the pathogenic bacteria, fungi, rickettsia, 
and viruses. Human parasitology is given a fairly extensive treatment for a 
book of this size in addition. 

Particular attention is drawn to biological interrelations found in the study 
of the various types of microorganisms. Individually the microorganisms are 
considered not only from their biologic characteristics, but also their accepted 
diagnostic procedures, their immunochemical attributes, their epidemiological 
considerations, the disease forms produced in man, the type of inununological 
response, and biological prophylaxis and treatment follow. In addition related, 
non-pathogenic members are considered briefly. 

The chapter on fungi is well illustrated with numerous photomicrographs 
of the various pathogenic species to supplement the text which covers the field 
remarkably well. The section on antigen-antibody reactions presents the 
modem theories for the mechanism of precipitation in a dear, concise manner. 
The discussion of allergy, however, is too brief for medical students and con- 
siders only the classical concepts of hypersensitivity, avoiding the recent 
work on abnormal types of antibodies such as the work of Loveless on rea^. 
Antibiotics and sulfonamides are considered sufficiently, but only in relation 
to bacterial physiology and to the mechanism of chemical bacteriostasis. The 
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term “semi-solid media” is defined in the early sections as referring to inedia 
containing 1.5% agar and it is used m this sense throughout the book._ touch 
usage may be confusing to the student who also learns to speak of media con- 
taining 0.5% agar as “semi-solid.” . , . , , , , , 

The illustrations and charts used m this book are modern and pertinent. 
The author has made good use of electron micrographs in instances where 
the increased magnification permits visualization of otherwise invisible struc- 
tures. References are given as footnotes and at times seem scanty in supporting 
statements made in the text. In general where controversial subjects are con- 
sidered, the author usually takes a definite stpd and expresses an opinion. 
Long, tedious, often uncritical, pro and con discussions of such subjects are 

thus eliminated. . „ ^ i e 

On the whole this textbook of bacteriology is well suited to the needs of 
students in the medical and public health fields and for such needs it is heartily 
recommended. 

A Text-book of Pharmacognosy. By George Edward Trease, Lecturer 
on Pharmacognosy and Acting Head of the School of Pharmacy in the 
University College of Nottingham, England. Pp. 782; 280 figs. Fourth Ed. 
Baltimore; Williams & Wilkins, 1945. Price, 87.50. 

This book doubtless is useful for the purpose stated in the introduction, 
viz., to cover the requirements in pharmacognosy for pharmaceutical examina- 
tions in most English-speaking countries; but it would be more valuable in 
this country if it dealt even to a small extent ndth substances listed in the U.S.P. 
and N.F. The only U.S.P. drug mentioned is Eriodictyon; even so character- 
istically American a drug as Cascara carries no statement of the U.S.P. name 
or characteristics. Most of the substances described are obsolete as drugs, 
though some have importance in industry. The book would have small attrac- 
tion for physicians of any country and would he inferior to American texts 
on pharmacognosy for its avowed purpose in the U. S. C. B. 


Science in Progress. By Walter R. Miles, and others. Foreword by 
Lorande Loss Woodruff. _ Edited by George A. Baitsell. Fourth Series. 
The Society of the Sigma Xi, National Lectureships 1943 and 1944. Pp. 331 ; 
106 ills. New Haven; Yale Univ. Press, 1945. Price, $3.00. 

This is the fourth published collection of the inspiring Sigma Xi lectures. 
The roster of contributors comprises 11 distinguished workers in a variety of 
branches of scientific research. Of special pertinence to physicians are the 
discussion of psychologic aspects of military aviation, by Walter R. Miles; 
physical structure and biologic action of_ nerve cells, by Detlev W. Bronk; 
energy and vision, by Selig Hecht; chemical transmission of nerve impulses' 
by Otto Loewi; present status of the Vitamin B complex, by C. A. Elvehjem’ 
and blood and blood derivatives, by Edudn J. Cohn. The remaining chapters’ 
by Gemge p Birkhoff, Peter Debye, Henry EjHng, Isadore I. Rabi, and 
11. C. U. Hickman, describe subjects less closelv related to medicine yet of 
significance to us by furnishing a background of cultural information' 

i. W. 


A Primer of Electrocardiogiupht. By George Burch, M.D. P.A.C.P. 
i^sociate ProfessOT of Medicine, Tulane University School of’ Medicine! 
etc., and Travis WiNsoR, M.D., Instructor in Medicine, Tulane University 

PricT^SS ® 1945. 

Students of electrocardmgraphy appear to be dividing themselves into 
tvo schools of thought so pr as the fundamentals of that subject are con- 
cemed. One school, numencally far the larger at this time utilizes the Ein- 
equilateral tnangle h3'pothesis and the assumptions which underlie 
then superstructure is erected, largety with the 2d 
of mathematical reasonmg. The other school, which do’es nSt Icdft cStain 
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of Eintlioveii’s_ assumptions on the ground that available evidence does not 
support them, is interested in attempts to demonstrate relationships between 
j variations of cardiac and body surface areas by purely experimental 
mCThods. The first school has a ready explanation for almost any conceivable 
deflection that may be encountered in an electrocardiogram while the second 
IS havmg considerable difficulty in getting its science out of the swaddling 
clothes stage. 

This book, which is intended to acquaint the beginner in electrocardiography 
with the fundamentals of the subject, adheres to the doctrines of the Einthoven 
school and does not mention other views. The text is clearly vTitten and the 
illustrations superb. The book will doubtless prove completely satisfactory 
to those who accept the assumptions upon which it is based. This reviewer 
would like to point out, however, that Einthoven’s law to the effect that the 
algebraic sum of the deflections in Leads I and III at any instant equals that 
of Lead II is not proven by Iflrchhoff ’s law about currents in a network but 
is the expression of a simple identity that would have to hold for the relation- 
ships among any 3 positions on any body. C. W. 


Clinical Parasitology. By Charles Franklin Craig, M.D., M.A. (Hon.), 
F.A.C.S., F.A.C.P., Col. U. S. A. (Retired), D.S.M., Formerly Director, 
, Army Medical School, Washington, D. C.; Emeritus Professor of Tropical 
Medicine in Tulane University, and Ernest Carroll Faust, M.A., Ph.D., 
Professor of Parasitology in the Department of Tropical Medicine, Tulane 
University; Consultant to the Secretary of War, Army Epidemiologic Board 
on Epidemic and Tropical Diseases; Consultant U. S. Public Health Service; 
Honorary Consultant, Army Medical Library. Fourth Ed. Pp. 871; 305 
engravings and 4 colored plates. PhUa.: Lea & Febiger, 1945. Price, SIO.OO. 
This revised edition of what is universally recognized as an authoritative 
standard text wiU be welcomed by all who try to keep abreast of progress in 
Parasitology, The first section is a General Introduction, which contains, 
among other orienting material, an excellent Digest of the International Rules 
of Zoological Nomenclature. (This chapter makes the book of especial service 
to those interested in zoology and taxonomy.) There follow 4 exhaustive 
sections entitled “Protozoa and Protozoan Infections," "Helminth and 
Helminthic Infections,” and “Arthropods and Human Disease." Technical 
procedures and references to the literature complete the presentation. Illus- 
trative photographs and line dravungs are abundant, and there are some 
excellent color plates on malaria recognition. As a feature of this new edition, 
lucid paragraphs on pathogenesis have been added to each description of 
disease. Such discussions of the pathologic physiology of the disturbances 
add greatly to one's understanding of the how and why, and thereby contribute 
to the usefulness of this book as a text for medical students. I. W. 


A Manual of the Aspergilli. By Charles Thom, Collaborator, Northern 
Regional Research Laboratory, formerly Principal M 5 'cologist, Bureau of 
Plant Industry, U. S. Dept, of Agriculture, Washington, D. C., and lUsNipTH 
B. Raper, Senior Microbiologist, Fermentation Division, Northern Re^onal 
Research Laboratory, Bureau of Agricultural and Industrial Chemistry, 
U. S. Dept, of Agriculture, Peoria, HI. Pp. 373; 76 figs. Baltimore: Williams 
& Wilkins, 1945. Price, S7.00. 

To biologists, the name of Thom has been almost sjmonymous with Aspergilli 
for many years; up to the present, his book on Aspergilli, written in 1926 in 
collaboration with Church, has been the main source of information on the 
subject. In this second book. Science has been fortunate in his association 
with Raper, who added his knowledge of chemistry and of microbiology in 
general to Thom’s store of other information and experience. 

The Aspergilli have been covered exhaustively. Part I is devoted to generali- 
ties, covering classification, morphology, methods of laboratory exammation 
and the most important subject of variation. Part II comprises the bulk of 
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the book because here the characteristics of the various aspergmotic groups, 
species and forms are described. Thousands of strams of AspergiUi m culture. 
Under each group of the AspergiUi, there appear parts devoted to morpholo^ , 
chemistry and perhaps pathogenesis. Part III is particularly appreciated by 
physicians because, in addition to a check list of species, it supplies biblio^a- 
phies, arranged both according to author and by topics. In these days 'when 
antibiotics have focussed attention on the chemistry of fungJ,. this topical 
bibliography will have special appeal; the following subjects furnish headings; 
The production of acids (citric, fumaric, gallic, gluconic, itatonic, kojic, oxalic), 
antibiotics and toxins, chemistry of mold tissue, enzyme production, fat pro- 
duction, pathogenicity, physiology, pigments, vitarnins, alcohol, ergosterol, 
fluorescein, hydroxylamine, and others. This topical bibhography covers 

three pages. , , • r 

The book does not contain a separate chapter on pathogenicity or tungous 
disease, such as many physicians would desire. This is understandable because, 
as the authors state, as a manual of the AspergiUi it need not exhaustively 
cover the diseases they produce. Their story is of the AspergiUi, The authors, 
not being physicians, direct their attention toward the fungus rather than 
the fungous disease. None the less, data on pathogenesis are supplied in a 
limited way in connection with the description of those Aspergillus poups 
which have any pathogenic features, e. g., in the discussion of A. fnmigatus. 
The section on pathogenesis in the topical index supplies an extensive bib- 
Uography. 

The straightforvwd text makes easy reading. The pages abound with 
iUustrations of high quaUty. This reviewer finds such difficulty in entering 
an item on the debit side of the ledger that he is forced to resort to extremes 
by citing the color iUustrations. In some of them, the green color is overdone, 
but this is seldom serious enough to interfere with the message intended. 
The authors will be rewarded for their knowledge, skiU and labor because the 
book will be the last word on the AspergilU for many years to come. F. W. 


A Handbook fob Dissectors. By J. C. BoiDBAtr Grant, M.C., M.B., Ch.B., 
F.H.C.S. (Edin.), Professor of Anatomy, University of Toronto, and H. A. 
Cates, M.B., Associate Professor of Anatomy, University of Toronto, 
Toronto, Canada. Second Ed. Pp. 390; 10 figs. Baltimore: WiUiams & 
Wilkins, 1945. Price, S2.50. 

This dissecting guide was originally written to be used with the senior 
author’s text-book, “A Method of Anatomy.” Now the authors deem it 
“ desirable to let the handbook exist in its own right.” Consequently, some 
extensive changes have been effected. Former page references to “A Method 
of Anatomy’’ have been deleted and instructions for the dissection of par- 
ticular parts included. AU chapters, except the one on the brain, now begin 
with some explanatory or descriptive matter furnishing further information 
about the region to be dissected. A general introductory chapter and index 
bave been added. The text proper has been increased by some 125 pages 
T^ figures, as in the earlier edition, show the various skin incisions to be made 
The book is an admirable, concise and thoroughly systematic vade-mecum for 
the medical student in his first exploration of the human body. It is intended 
not to substitute for the larger, descriptive texts, but to promote an intelligent 
approach to the methodology of dissection. Although very different in many 
obvious respects from Cunningham’s 3 volume Manual, the Handbook should 
serve as a really practicable alternative to the almost intolerable length of the 
Manual. From a practical standpoint, the only drawback— one inherent in all 
dissecting guides— is that once a specific book of this sort is adopted it can 
seldom be adapted. It must be used in its entirety or not at all. The nresent 
work errs m this respect less than most. ^ 

This well planned little volume, then, should fill a definite need for those 
seeking a complete laboratory dissectmg guide. j p 
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G«^rnment IN Public Health. By Harrt S. Mustard, M.D., LL.D 
ProfessOT of PubUc Health Practice, Columbia University. Pp! 

219. New York: The Commonwealth Fund, 1945. Price, 81.50. ^ 

volume is the second study to be published under the auspices of the 
New York Academy of Medicine Committee on Medicine and the Chanda 
r exceUent book. The author has fulfiUed admirably the request 

By giving Dot only a clear picture of government-supported 
public health organization and operation, as it now exists in this country, but 
also political and social evolution as related to public health and “perspectives 
to help chart the direction of future developments.” 

The book first lays the groundwork for an understanding of public health. 
Both the biological and the sociological factors in health and disease are dis- 
cussed, the character of public health problems, the professions that participate 
in public health work and their education and the relation of government to 
public health work are briefly and wisely considered. As the author expresses 
his conviction that it is around the practicing physician, representing medical 
science, that public health programs must be built, it is clear that his book 
has been written for the rank and file of the medical profession. 

A large part of the chapter on Federal Health Services is devoted to the 
fascinating story of the evolution of public health, beginning with its inception 
in a report on Marine Hospitals by Alexander Hamilton in 1792. The present 
somewhat confused status of Federal Public Health is considered, and its 
weakness as well as its strength and value set forth. 

State and local health departments are discussed, and the handicaps under 
which they work in our present form of political and social organization are 
described. The problem of integrating public health work as conducted in 
the three “areas of Government,” Federal, State and local, is clearly presented 
and analyzed. 

After a discussion of the various activities of Government in a public health 
program, an excellent summary of trends and a consideration of certain needs 
concludes the book. 

This small and well written volume should be widely read by public spirited 
people both within and udthout the medical profession as it gives a clear 
understanding of the struggles going on in this country to preserve and improve 
the health of all our citizens. The present shortcomings and urgent needs are 
emphasized and it is the sort of book that every medical student should be 
encouraged to read if we are to aim in our medical schools to turn out scholars 
and citizens to take their proper place in our present day society. G. B. 


Clinigal Case Taking. Guides for the Study of Patients. History Taking 
and Physical Examination or Semiology of Disease in the Various Systems. 
By George R, HBRmiArm, M.D., Ph.D., Professor of Medicine, University 
of Texas. Third Ed. Pp. 192. St. Louis; C. V. Mosby, 1945. Price, 81.75. 
This is a small compact book of considerable interest. An introduction 
touches briefly on the philosophy of clinical medicine, the objectives, the 
principles and practise, the art and technique of case-taking. A section descrip- 
tive of various divisions of a case record is followed by detailed routine out- 
lines for history taking and for physical examination. _ There is considerable 
emphasis on the patient’s mental make-up. The "Family History” is perhaps 
too detailed, and to the reviewer the outline for physical examination seems 
less well-balanced than the other sections. There is much emphasis on habitus 
and constitution, whereas outlines of examination for lungs, heart and abdomen 
are brief and incomplete. Another criticism relates to listing as “routine 
such special studies as instrumental examination of the rectum and examination 
of sputum, gastric contents and feces. Minor criticisms relate to lack of careful 
proof-reading, with frequent omission of punctuation and failure to indicate 
clearly distinctions between headings and subheadings. 

Well over half the book is devoted to case-taking in special groups of dis- 
eases: allergic, nutritional, lung, heart, peripheral vascular, etc. Effort is 
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TQEde to record in some completeness all questions and examinations required 
in these groups. An enormous number of signs, symptoms and tests are men- 
tioned, and the reader’s medical vocabulary js increased. In some groups of 
cases however, "the method used is uot entirely successful. Endocrine nnu 
metabolic diseases may have much in common, but the addition of hematologic 
disorders to the group only makes for confusion. It takes considerable mental 
agility to sort out the symptoms mentioned in dealing with a particular patient. 
For students and less experienced physicians for whom this book is primarily 
designed, a simpler approach would be preferable. ... 

The form of the book is excellent, as is the use of bold faced type for pamtmg 
up examinations that form the indispensable framework in every record. 
However, above all, the experiences and attitudes of the author as expressed 
in the early pages of this little volume are profoundly worthy of emulation 
and cannot but be helpful to younger doctors as they develop their own physi- 
cian-patient relationships. J. M. 


The Photochemistry of Gases. By William Albert Notes, Jr., Professor 
of Chemistry, Univ. of Rochester, and Philip Albert Leighton, Professor 
of Chemistry, Stanford Univ. American Chemical Society Monograph 
Series, No. 86. Pp. 475. New York: Reinhold Publishing Corp., 1941. 
Price, SIO.OO. 

PHOTOCHEiHSTRT is a highly specialized field, which is of growing interest 
from the biologic viewpoint. One need merely mention such applications as 
photochemical processes associated with chlorophyll, sensitization phenomena 
related to porphyrins, the production of vitamin D by ultraviolet irradiation 
of ergosterol, the functional chenustry of visual purple, and the destruction 
of proteins and enzymes by ultraviolet light. 

Earlier volumes in this monographie series have been devoted more exclu- 
sively to the applied phases of photochemistry: “Photochemical Processes,” 
No. 43, by G. Kistiakowsky, “Photodynamic Action and Diseases Caused by 
Light,” No. 85, by H, E. Bimn, and “The Chemical Action of Ultraviolet 
Rays,” by C. Ellis and A. A. Wells. The present monograph by Professors 
W. A. Noyes and P. A. Leighton is an authoritative, though technical, exposi- 
tion of the fundamental theories of photochemistry and its related subject, 
spectroscopy. A particularly valuable feature of the book are the appendices 
which list all known photochemical reactions, both simple and complex sub- 
stances being included. The monograph is highly recommended to all inter- 
ested in the study of photochemistry. D, D. 


Facial and Body Prosthesis. By Carl Dane Clark, Ph.D., Associate 
Professor of Art as Applied to Medicine, School of Medicine, Univ. of 
Maryland; Captain, Sanitary Corps, Army of the United States, Depart- 
ment of Moulage and Prosthetics, Army Medical Museum. Pn. 200- 75 ills 
St, Louis; C. V. Mosby, 1945. Price, 85.00. ' 

The replacement by artificial substances of tissues lost by injuri^ or disease 
IS of particular interest and concern during the present period of post-war 
reconstruction. While surgical replacement is desirable whenever possible 
artificml restoration by moulage has a definite place; (1) as a temporary 
substitute during the course of surgical reconstruction, and (2) in cases where 
the mutilation is too extensive or the age of the patient or conditions of health 
preclude surger^L The author has brought up to date and describes in detail 
the materials and technique employed in replacing defects of the cranium 
nose, ear, cheek, hand, etc., by artificial means. One omission noted is the 
makmg of artificial eyra of aciylic r^m, the development of which is one of 
the outstanding contributions of the Army and Navy Dental Corps during the 
recent war It is hoped that in a future edition this subject will be included. 

Dr, Clark has propded a useful guide to those who wish to apply their 
artistic talents to this particular field. j 
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Central AvTONomc Regulations in Health and Disease, with Specul 

Reperence to the Htpothalamus. By Heymen R. Miller. Pp. 430: 

61 ills. New York: Grune & Stratton, 1942. Price, $5.50. 

The central integration of the relatively well establishedjperipheral auto- 
nomic mechanisms is reviewed. It should be realized that the rble of the hypo- 
thalamus and hypothalamo-cortical integration pathways is a most complex 
and controversial subject. Nevertheless, such an attempt to summarize the 
experimental evidence under the headings of clinically important bodily func- 
tions IS worth the attention of all practising physicians. Clinical material is 
presented to try to correlate the experimental findings. 

Of special interest are the chapters on the sleep-waking mechanism and 
emotions. Dr. P. Anobkin’s coalescent twins serve beautifully as a test of the 
theories presented. It is unfortunate they did not live longer. 

Dr. MiUer was wise in inserting the anatomic section at the end, because 
many run the danger of being '‘floundered" by such material. Even the 
physiologic and clinical material is difficult to grasp at times. However, this 
common territory where internal medicine, neurology and research must 
meet is worth the closest scrutiny, J. T. 


Traujia op the Central Nervous System. Proceedings of the Association 

for Research in Nervous and Mental Diseases, December 17, and 18, 1943, 

Pp. 679. Baltimore; Williams & Wilkins, 1945, Price, $8.00. 

This is the twenty^-third of a series of yearly volumes in which the proceed- 
ings of the Association for Research in Nervous and Mental Disease are col- 
lected and published. The advent of the war gave impetus to many types of 
research, and the field of central nervous system trauma profited, as is readily 
seen in this collection of excellent papers by many of the outstanding men 
in this field. 

The book may be divided into 2 separate parts: experimental and clinical. 
The experimental group of papers is included in the first half of the book and 
studies range from the mechanism and pathology of trauma to gasometric 
blood studies during experimental trauma. Included here is a study of the 
history of cranial trauma from the 17th century B.C. to 1855. The bibliography 
for this particular paper lists 149 references. The pathology and history of 
cranial trauma receives considerable attention (5 papers), and experimental 
methods for producing cranial trauma are discussed. One paper deals with the 
theory of vasoparalysis due to injury, leading to vasodilatation and hemostasis, 
anoxia, collection of metabolites (CO*), further dilatation and necrosis. Another 
study, based on 284 cases of cranial injury, shows that 11.5% had upper brain 
stem damage. The author then divides these patients into those with acute 
and those with subacute onset of “decompensation” or failure of vital signs 
and points out that while those with the acute syndrome usually die, the 
subacute group may be saved by prompt surgery. 

The clinical group of papers takes up the remainder of this volume and 
deal primarily with diagnosis, proposis, and management. About 35% of 
this group deals with diagnosis and includes papers on general clinical methods 
as well as on electro-encephalography and air studies. The electro-encephalo- 
graph has now become a practical tool for the use of the neurologist and neuro- 
surgeon, and this study throws added light on a relatively new field, particularly 
in the matter of determining the severity of an injury and forecasting the prob- 
able long range result. The use of air studies— either ventriculogram or pneumo- 
encephalogram— in patients with acute head injuries may not meet with the 
approval of all neurosurgeons, but as outlined here, the value of the informa- 
tion thus gained may weU outweigh the risks involved. The statement is made 
that untoward reactions as the result of ventriculography are no worse than 
those with btain tumors. But it must be remembered that the mortality of 
ventriculography is relatively high in the presence of brain tumor unless 
followed by operation. Discussions of post-traumatic sequels occupy approxi- 
mately 50% of the clinical division of the volume and subjects range from 
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exhaustive psychologic examinations and their prognostic value to traumatic 
enilensv and the advisability of surgery for its treatment. 

^Of^ value to everyone having to do rvith head injuries are 3 very practical 
articles dealing with the use of hypertomc solutions, infections, and 
management of cranial traumatic cases. The first of these is easfiy and qmckly 
read- the others are explicit and detailed in their discuspns of techniques and 
methods. The most regrettable fact is that peniciUm is not discussed m any 

'^^The entire volume is an excellent source of reference material, not only 
for the laboratory worker, but for the clinician. The considerable space allo- 
cated to the discussion of post-traumatic states should make this book ot 
especial interest to those who will be dealing with returnmg war casualties. 
It should be in the library of anyone having more than a casual interest m 
cranial trauma. 


American Pharmact. By twenty-two authors; editor-in-chief Bdfus A. 
Lyman M.D., Dean of the College of Pharmacy and Director of the Student 
Health 'service, Univ. of Nebraska. Pp. 525; 197 ills. Phila.; J. B. Lippin- 
cott, 1946. Price, $8.50. 

According to the preface, “Pharmacy is standing on the brink of the dawn 
of a new era which will require a broader back^ound training in the basic 
sciences and a longer and more intensive study in the professional subjects 
for those who wish to practice or become leaders in the respective fields of 
specialization. American Pharmacy has been planned with these develop- 
ments in mind. It has been designed not as a pharmaceutical compendium, 
but as a textbook, a teaching tool, for the specific purpose of better teaching. 
It serves the practicing pharmacist as a working tool. Part I of the text deals 
with the fundamental principles of the basic sciences as applied to pharma- 
ceutical processes. Part II covers the field of pharmaceutical preparations 
with emphasis placed upon the processes involved in their manufacture. 
Part III gives the basic information about products of biological origin” 
(vitamins, endocrines, sera, vaccines, allergens), . . . “Special care has been 
taken to make it of value to the physician who has had no pharmaceutical 
training and is seeking the best media and methods for the administration of 
drugs.” Part I is indeed a considerable advance in the desired direction and 
should be valuable to the prospective or practicing pharmacist as well as the 
thoughtful physician. Part II would be much more useful to the physician 
if it dealt less with standard official pharmaceutical preparations (about which 
his information is already adequate for his needs), and more with the newer 
synthetic and natural products and the specialties of various manufacturers 
(about which unbiased information is not easy for him to obtain); practical 
hints from experienced and disinterested phaimacists as to the best methods of 
usmg the newer vehicles, detergents and active drugs would greatly increase 
its value to the physician. Part III is concise and interesting and contains 
verj’'_ useful tabular summaries of TJ.S.P. and N.N.R. sera, vaccines and diag- 
nostic products, but no practically useful information about the new anti- 
biotic agents. The writing is uniformly good, the information authoritative 
and references are given m each chapter. The greatest value of this book to 
physicians should he m its discussion of modern detergents and other vehicles 
tor cutaneous medication, for this information now is badly scattered 

' C. S. 


NEW BOOKS 

Essentials of Neuro-psycMatnj. A Textbook of Nervous and Mental Disorders, 
m' -^ sociate Professor of Psychiatry, 

The Osseous Systenu A Handbook of Roentgen Diagnosis. By Vincent W 
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LaSihcosis Pjilmonar By Dr. Hugo Dooner, Medico del Departamento de 
Higiene ^dustml de La Direccion General de Sanidad Y del Hospital San 
Vicente, Ex Medico Del Mineral de Cobre de Potrerilos. Pp. 195. Santiago 
de Chile; Zig-Zag, 1944. 


The British Encyclopsedia of Medical Practice, Including Sledicine, Surgery 
Obstetrics, Gyucecology, and other Special Subjects. Under the Generd 
Editorship of Sir Humfhrt Rolleston, Bart., G.C.V.O., K.C.B., M.D. 
D.Sc., E.R.C.S., D.C.L., LL.D., Emeritus Regius Professor of PVsic' 
Cambridge. (A) Medical Progress, 1945. Pp. 396 and 37 pp. of Index. (B) 
Cumulative Supplement, 1945 (in separate board binding). Pp. 255. Lon- 
don; Butterworth <fe Co., Ltd., 1945. 

These 2 volumes continue this useful series in the manner previous^ described. 
They are obviously not suited for a brief review. 


The Medical Clinics of North America. Boston Number. Symposium on Specific 
Methods of Treatment. Pp. 1341. Phila.: W. B. Saunders, 1945. Price, 
$16.00 per year. 

Endurance of Young Men. Monograph of the Society for Research in Child 
Development. Vol. X, SerialNo.40, No. 1. Pp. 284. Washington: National 
Research Council, 1945. Price, $2.50. 

The Way of an Investigator. A Scientist's Experiences in Medical Research. 
By Walter Bradford Cannon, M.D., George Higginson Professor of 
Physiologj^, Emeritus, Harvard University Medical School. Pp. 229. New 
York: W. W. Norton, 1945. Price, S3.00. 

Experimental Catalonia. A General Reaction-Form of the Central Nervous 
System and Its Implications for Human Pathologi". By Herjian Hollanb 
De Jong, M.D., Associate Professor of Neuro-Psychiatry, Duke University 
Medical School, Durham, North Carolina. Former Director of the Neuro- 

• physiological Institute, Mnsterdam University, Holland. Pp, 225. Balti- 
more: Williams & Wilkins, 1945. Price, 84.00. 

Les Etats de Carence en Belgique Pendant L’Occupation Allemande, 1940-1944. 
By Lucibn Brull and others, Institut de Clinique et de Policlinique Medi- 
cales, Universite de Liege. Pp. 285; frequent tables and charts. -Liege Edi- 
tions Soledi; and Paris: Hermann & Co., Editeurs, 1945. 

This interesting monograph on the food and nutrition problem in Belgium during 
the German occup.ation should be of interest and value for those concerned with 
these subjects. The 16 articles cover clinical and statistical studies of such items as 
hemoglobin levels, school examinations; weight; blood pressure and serum protection 
in Out-patient Departments; malnutrition; hunger edema; vitamin deficiencies; osteo- 
malacia; gastro-intestinal disorders, etc. Translation into English of the Introduction 
and various summaries facilitate reading for those not conversant with French. 

E. K. 

Hidden Hunger. By Icie G. Mact, Ph.D., and Harold.H. Williams, Ph.D., 
Research Laboratory Children’s Fund of Michigan. Pp. 286. Lancaster: 
Jacques Cattell, 1945. Price, 83.00. 

Uranium and Atomic Power. By Jack De Ment, Research Chemist, The 
Mineralogist Laboratories, and H. C. Dake, Editor, The Mineralogist 
Magazine. With Appendix on the Atomic Bomb. Pp. 335. Brooklyn; 
Chemical Publishing Co., 1945. Price, $4.00. 

What the Informed Citizen Needs to Know. Edited by Bruce Bliven and A. G. 
Mezerik. Pp. 377. New York: Duell, Sloan and Pearce, 1945. Price, 83.00. 

Personality in Arterial Hypertension. By C. A. L. Binger, and others. Pp. 228. 
New York: The American Society for Research in Psychosomatic Problems, 
1945. Price, $3.00. 

General and Plastic Surgery. With Emphasis on War Injuries. By J . Bastm^’ 
Sheehan, M,D., Professor of Plastic Reparative Surgery, New York Poly- 
clinic Medical School and Hospital. Pp. 345. New York: Paul B. Hoeber, 
1945. Price, 86.75. 
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Pulmonary Edema and Inflammation. An Analysis of Processes Involved in 
the Formation and Removal of Pulmonary Transudates and Exudates. By 
Cecil K. Drinker, M.D., D.Sc., Professor of Physiology, School of Public 
Health, Harvard University, Boston, Mass. The Nathalie Gray Bernard 
Lectures Delivered at The Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, North Carolina, in December, 1944. Pp. 106. 
Cambridge: Harvard University Press, 1945. Price, $2.50. 

Virus as Organism. Evolutionary and Ecological Aspects of Some Human 
Virus Diseases. By Frank MacFarlane Burnet, M.D., F.R.S., Director, 
Walter and Eliza Hall Institute of Research in Pathology and Medicine, 
Melbourne, Australia. Pp. 134. Cambridge: Harvard University Press, 
1945. Price, $2.00. 

Hahnemann. The Adventurous Career of a Medical Rebel. By Martin 
Gumpert. Pp. 251. New York: L. B. Fischer, 1945. Price, $3.00. 

New Goals for Old Age. Edited by George Lawton. Pp. 210. New York: 
Columbia University Press, 1944. Price, $2.75. 

What People Are. A Study of Normal Young Men. Bj'- Clark W. Heath. 
Pp. 141. Cambridge: Harvard University Press, 1945. Price, $2.00. 

Men, Mind and Power. By David Abrahamsen, M.D., Dept, of Psychiatry, 
Columbia University. Pp. 155. New York: Columbia University Press, 
1945. Price, $2.00. 

Rorschach’s Test. II. A Variet 5 ’’ of Personality Pictures. B}^ Samuel J. Beck, 
Ph.D., Head of Psychology Laboratory, Dept, of Neurops 3 'chiatry, Michael, 
Reese Hospital, Chicago. Foreword by Rot R. Grinker, Lt. Col., M.C. 
Pp. 402. New York: Grune & Stratton, 1945. Price, $5.00. 

Microbes of Merit. By Otto Rahn, Professor of Bacteriology, Cornell Uni- 
versity. Pp. 277. Lancaster: Jacques Cattell, 1945. Price, $4.00. 

In the Doctor’s Office. The Art of Being a Medical Assistant. By Esther Jane 
Parsons, Formerly Research Technician, Dept, of Biochemistry, College pf 
Physicians and Surgeons, Columbia University; Formerly Instructor in 
Medical OfRce Procedures, Paine Hall School for Medical Assistants, New 
York City. Pp. 295. Phila.: J. B. Lippincott, 1945. Price, $2.00. 

SlniKture and Function of the Human Body. By Ralph N. Baillip, Ph.D., 
Assistant Prof, of Anatomy, Louisiana State University, School of Medicine, 
New Orleans, and Donald L. Kjmmel, Ph.D., Associate Professor of 
Anatomy, Temple University School of Medicine, Phila. Pp. 328. Phila.: 
J. B. Lippincott, 1945. Price, $3.00. 


NEW EDITIONS 

The Autonomic Nervous System. By Albert Kuntz, Ph.D., M.D., Professor of 
Micro-anatomy in St. Louis University School of Medicine. Third Ed. 
Pp. 687; 91 figs. Phila.: Lea & Febiger, 1945. Price, $8.50. F 
A Text-book of Neuro-anutomy. By Albert Kuntz, Ph.D., M.D., Professor of 
Micro-anatomy in St. Louis University School of Medicine. Fourth Ed. 
Pp. 478; 325 figs. Phila.: Lea &'Febiger, 1945. Price, $6.50. 

Electrotherapy and Light Therapy. With the Essentials of Hydrotherapy and 
Mechanotherapy. By Richard KovAcs, M.D., Professor of Physical 
Therapy, New York Polyclinic Medical School and Hospital; Attending 
Hiysical Therapist, Manhattan State, Harlem Valiev State, Columbus and 
West Side Hospitals. Fifth Ed. Pp. 694; 352 ills. Phila.: Lea & Febiger 
1945. Price, $8.50. ’ 

Classic Descr^tions of Disease. By Ralph H. Major, IM.D., with 195 Con- 
tributors, Profpsor of h^dicine. University of Kansas School of Medicine. 
Pp. 6/9; 158 lUs. Springfield, 111.: Charles C Thomas, 1945. Price, $6.50. 
Mmual of Psycho^gic^ Medicine. For Practitioners and Students. Bv A F 
^ Consulting Physician to University College 
Hospital, London. Second Ed. Pp. 308. Baltimore; Williams & Wilkins 
1945. Price, So.OO. 
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Famlial Nonreaginic Food-allergy. By Abthuh F. Coca, M.D., Medical 
DRector, Lederle Laboratories. Second Ed, Pp. 191. Sprin^eld, 111.- 
Charles C Thomas, 1945. Price, S3.75, b , ■ 
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